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PREFATORY NOTE 


This the fifth of a special series of reports which are bein^ 

published »in c%der to make available, for the ben^ ^he industries 
concerned,] results of scientific and industrial value contained, in *tHe 

r ^ • 

technical records of the Department of Explosive's Supply gf tke 
Ministry of Munitions (see list helow). The work recorded in these • 
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Factories during the war. The preparation of the necessary abstracts 
of information was begun by the Ministry of Munitions at Ifie close 
of the war, and arrangements were afterwards made by the Depart¬ 
ment of Scientific and •Industrial Research to complete t^m. The 
Department wish it to be clearly understood that the interes^jpg 
information contained in this series of reports is the result of the 
labours of the Ministry c(f Munitions, and has been compiled ..by 
Mr. W. Macnab, C.B.E., F.I.C., an officer of that Ministry attadhed^to 
the Department for this work. 

*,department of Scientific and Industrial Researcn, 
i6 and i8. Old Queen Street, 


Lon!^n, S.W. i 


Uztober 1921 


Previous volumes in this series :— 

No. I.—Recovery of Sulphuric and Nitric Acids from Ac 1 *^used 
IN THE Manufacture of Explosives : D^itrasi^ And 
Absorption. Price 12s. bd . (by post 13s.)* * 

No. 2.—Manufacture of Trinitrotoluene (TNT) and'its Inter- 
^MEDiATE Products. Price i^. bd . (by post i 8 s .) , 

No. 3.— SuLPHUWc Acid Concentration. ^Price 12s. (by post jT ) 

No 4.—The^v ^nd ^ Practice of Acid Mixing. Price 12s. 
fiy posf 12 % 4 ^) 

• Wt»78»0—_ 12 /a B*a 



t un TJEjUi I'S 


Introduction - 


SEcrnoN 1 


PAGE 

I 


MANNHEIM OLEUM PLANT 

GENI-RJ,.. O’lTLlNE AND DESCRIPTION OF PLANT 

Pyrites store 
Crusher plant 

DliSCKinOVN OF OLEUM PLANT 
Air dryini; lowers 
!-uinj) burners 
3 xk 1(' shafts 
)xide shaft cooleis 
Uworption towers 
Purification system 

Heat-exchanger ------- 

.''orewarmer ....... 

sujx’rlicater - - - - -, . 

’’fatinum contact shaft ------ 

’'irihi absorption 
'circulation system 
Jrip acid - -, . 

Herrqgchoff burners \ . 

Operation of^ the plant ' - 

Crushing pyrites ------- 

Cliarging the burners ------ 

OjxTation of Herreschofi burners - - ^ - 

Air drying towels - - - - 

Oxide shaft 

Superlieater - - - . . - , 

Platinum .-'jntact shaft ------ 

Absorjition s^em ------ 

Plant control ^ - 

Some notes on the working of the plant burners - 

’ Repapt*on special method of working pyrites burners at H.M. 
iQueen's F^rry ------- 

*^ir dfying ^ - 

Oxide shafts ------- 

■ Cooling/owers ------- 

Purification of the gas - 
Absorjition of SO, - \ - 

Main fans - - - - 

Superheater - - %- -,- 

Gas testing - 

Composition of burner gases 
Pressure sj'stem | 

Conversion of St)^ to SO, " 


Factory, 


A 


I jk 


L - 

V 

Asbestos mgts^d matlfod of platinising sijfne - sN ‘-t 
H eat^lance - , - -, - * #| 'j' 


3 

3 - 

3 

4 
4 
4 

4 

5 
5 
5 
5 

5 

6 
6 


7 

7 

8 

‘ 8 
8 
8 
8 
TO 
II 


II 

15 

15 

15 

16 
i8 

IQ 

IQ. 

IQ 

21 

>1 

26 





PAGE 


Method of calculating percentage conversion and PERCtNTAGE composition 

OF BURNER GASES - - - - . -I, - 4(6 27 

Graphs for calculating percentage conversion of* SO. to S0„ Ksv 

PERCENTAGE OF SO, IN BURNER GAS - - - , ’ - 


SECnON 2 


GRILLO OLEUM PLAET 

General outline and description of plant 
Raw material ------ 

Varieties of acid produced * - - . . 

Description of the plant -* - 

Sulphur stores ------ 

Sulphur burners 

Sublimation ------ 

Hcater-c<x)ler or dust chamlw - - - . 

Sulphur dioxide coolers - - - - - 

Coke filters ------ 

Scrubbing towers - _ - 

Suction-pressure equaliser - - - . 

Blower ------- 

Grease-catcher ------ 

Purification ------ 

Heat-exchanger ------ 

Heat-cooler (inner tubes) - . . - 

Preheaters 

Converter ------ 

* Conversion ------ 

Temporary poisoning of^he contact mass - 
Sulphur trioxide coolers - - - - - 

• Alisorption towers -'---- 

Acid and oleum coolers - - - - - 

Efficiency -----. 

Power consumed by acid pumps - - - 

Production of the magnesium sulphate mass - . 

Platinisation ----- 

FilUng the converters ------- . 

Recovery and purification of magnesium and platinum from old qpntact m^ 


- 46 
■ 47 




r 


Purification of the magnesium sulphate - - - - I 

Purification of the platinum - - - - -• * - 

Separation of iridium and platinum ------ 

Chemical control 

Percentage coi^ersion - - - .9 . 

Moisture and acid mis^ 

Chlorine - - - - »- ! - , . * •. 

Arsenic - , - - 

Waste gases • t * ~ 

Sui^UR dioxide losses iJ puheIUtion - 

Report on^he APPEARAkcEV)?*,* grillo uniY at QUEEN’sRi®RRy aft|k fifteen 
monisms continuous work •- * - * • 

1/172 


47 

48 

48 

49 
*49 

1 : 

52 

52 

• 5 ? 

55 
^5 

56 

57 

58 

58 

59 

60 

61 

62 

62 

63 

64 

65 
65 

6G 

67 

68 
•68 
•69 

.70 

71 
■ 71 ‘ 

7* 

71 

71 

71 

72 

- 72 



PAGE 

Report on thermal valjies and efficiencies ,on a grillo plant - - 73 

Sftotion I.—Burner baluice - - - - - - *73 

Section 2.—-Heater-axilir balance - - - - - - 75 

Section 3.--Sulphur dioxide coolers balance - - - - - 76 

Section 4.—Heat-ipcchangcr balance - - - - - - 7 ^ 

Section 5.-< -Lorf7eri.^r balance - - - - - 77 

C/.L€ULATIONS INVOLVED 1 n THE DESIGN OF THE PLANT. &C. - -I - 78 

Calculations fflr determining the quantity of heat to be dealt with lly the > 
coolers in the Urillo absorption sj^tem: also the quantity of acid to be 
pumjied ov^r the towers - - - - - - - 78 

Some calculations in connection with the Avonmouth factory - - - 93 

VCakulation of the quantity of acid required for the absorption of the 
SO, jfroduced - - - - - - - -94 

Heat balance, of the absorption system of one Grillo unit - - - 97 ' 

Therniid effects, &c., in the absorjition system of the Queen’s Ferry Grillo 
plafft - - - - - - ' - - - - 102 

Absoqition system at the Avonmouth Grillo plant, and comparison of the results 
obtained in the Queen’s Ferry plant - - - - - -117 

Plant for “ breaking down ” oleum or strong sulphuric acid by means of water 117 
j Cxtolers ~ - - - - - i. - . . J18 

Heat Solved 


APPENDIX I 

.CaHCULATIONS used in DETERMINING THE HEATS OF DIUTION OF DIFFERENT 
STRENGTHS OF SULPHURIC ACID - - - - - - ' - I2I 


APPENDK n 

Humidity of air, and ai.iied data ..... ‘-'125' 

APPENDIX 

Feed chart for contact plant - - - - - - .129 

Production ^HrrT for Iirillo plant ...... 130 





H. M. FACTORY. .GR£TI^/ 

—---^ • T 



GENERAL ELEVATION. 


✓f pOM^ PIPING & CAS FAN WOT SHOWN. ) 


JKTIHC0NMECTIN6 ACIO PIPES ft PUMPS NOT SHOWN- 



/* SECTION II c. 

’ MANNHEIM OLEUM PLANT. 

^tAGRAM OF CONNECTIONS 

^ S?a't . 'C — i 



KEY PLAN. 

50 Feet • incf! 


, PIPING 

• l^ow lot Sas 
Gas 

2'"* Fla* Cold taj 

I* / 

mter' , 

Oned Air % f 

• 


yellow __:j 


Alack 

Blue aM» 

Whitt 

.lie. 


FIG. I. 











INTBODTTCrnON 

In the early days of the war the demand,for high explosives ' 
invAved the uSe of quantities of strong sulphuric " oleum ” 

far in excess of the producing capacity of the country.* The Governmmt 
hal’., consequently, to build plants to make sulphuric* aci(J by the 
contact process. The first to be erected were on the Mannheim system* 
from plans supplied by Messrs. Kynoch. Later, plants •designed by 
Mr. R. B. Quinan and his staff at Storey’s Gate, using the Grilto cqpt^t 
mass, were constructed, and in these plants the larges^ alhouht of 
oleum was produced. • 

Tentelew plant was also operated by the Department of Explosives 
Supply in the Pembrey factory originally erected by Messrs. Nobel and 
subsequently taken over By the Government. The working costs and 
efficiencies of these processes are set forth in the Second Report of Costs 
and Efficiencies for H.M, Factories Controlled by Factories Branch, 
Department of Explosives Supply, and sec also Report of the Statistic*al 
Work of the Factories Branch. ^ 

The distinctive characteristic of the Mannheim process is that the 
conversion of the sulphur dioxide into the trioxide is brought about in 
two-stages by emplo 5 dng two catalysts: ferric oxide.and platintim. 
The use of ferric oxide diminishes the quantity of platinum required 
and thus reduces the capital cost of the plant. In the Grillo and * 
Tentelew processes only platinum is used as catalyst. * 

In the Mannheim and Tentelew plants the ^nelfy divided 'platinum 
^^upported on asbestos in the form of mats or fibre, whereas in the 
iGnllo; dalcined magnesium sulphate in the form of coarse grains is used' 
as the carrier for the platinum. • • 

• • In all the processes it'is essential to purify thfe gases thoroughly 

before letting them come in coiftact with the platinum, as certain bodies, 
even when present in minute quantities, such as arsenic, selenium 
fluorine and other halogens seriously impair, or* evert destroy, the 
activity of the platinum, and the conversion of sulphur dioxide to 
trioxide will diminish or cease altogether. Should such " poisoning ” 
qccur the contact mass must be withdrawn and treated to remove the 
poison, and then returned to the plant or else replaced by /resh Sbntact 
mass. . 

The purification of the gases is therefore, all-im^Bftant. WUen 
sulphur is used as the raw material it rarely introduces arsenic itself, 
but nevertheless the contact mass may suffer from arsenic poisoning 
due tp arsenic pkked up from the iron used* in the construction of the 
' plant, unless certain psecautions are observed. » » • 

• Iron p 5 nites was used in the Mannhem and Tentelew plants, and 
sulphur for reas«ns,given later in the Grillo. 
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SECTION 1 


lANNHEIM OLEUM PLANT 

U«U«3I.7U UUUUltl HUU descriptioii of plant—The Mannheim plant pro¬ 
duces oleuin 'oy the absorption of sulphur trioxide in sulphuric; ^id, 
llie Aulphur,trioxide being made by the catalytic action first of iron 
o?cide, apd later of platinum contact mass on sulphur dioxide gas, 
prochiced by the burning of pyrites containing about half its weight of 
sulphur in the form of iron sulphide. 

The Mannheim oleum plant comprises:— 

(a) Pyrites store; 

(b) Pyrites crusher plant; 

(c) Mannheim oleum plant proper, each double unit capable 
of producing about five tons of SO3 per 24 hours. At Queen’s 
Ferry eight of these double units are arranged for the burning 
of lump pyrites. The remaining two double units are of the 
Herreschoff type for burning pyrites " fines.” Each unit has 
its own iron oxide conversion shafts, iireheaters, and platinum 
contact shaft. Two of these single units work together (forming 
a double unit), with their necessary coolers, absorption towers; 
acid mist catchers, &c. There are in addition :— 

(d) Store and bins for burnt iron oxide ore; 

(e) Storage .tanks for the storing of oleum; and an 

()') Oleum export building. 


Pyrites store ^ 

This is a steel frame structure 205 feet long x 85 feet wide, having 
a concrete floor. Three lines of 4 feet 8^ inches gauge factory railway 
enter the building, and are supported on brick piers. 


Crusher plant 

( 

. This consists of a crusher plant building, containing a 21 inch x 
10' inch Brodffoent patent improved Blakestone breaker, to break eight 
tons of iron pyrites per hour from 9 inch lumps to pass through 2^ inch 
rings, driven by a 20 h.p. motor, and one set of geared crushing rollers, 
8 inches diameter X to inches face, for pyrites from i inch ring to 
I inch, driven by a 20 h.p. motor. The crushed pyrites is conveyed 
by a belt conveyor to a screening hbuse, fitted with a revolving screen, 
or trommel, 3 feet diameter, 15 feet 8 inches long,'which sorts the 
crushed pyritej .into 2^ inch, i inch' ^nd^ | inch sizes. The trgpmel 
is driven by a *20 h^n. motor. The thiv^ difigrent sizes of scteened 
pyrites are'conveyed into‘three sep’arate^ bins, which are'fitted with 
hoDoeiS;' under which is a itarrow aauee tfawk on which nui bogies, 
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These are weighed on a 30 cwt? platform weighing machine, and from* 
thence the bogies can be run directly to the bun]fers in the Maimheim 
plant. • 

• • Description of oleum PLAif^ 

% 

The oleum plant proper is housed in a steel frawie building all under 
one roof (Fig. i). The plant inside the building consists of ten* double 
units or sections. Eight of these are for burning lump pyrites of an 
sfverage size of 2 inch ring. The remaining two double units are each of 
the Tlerreschoff type for burning pyrites '' fines." Each single linit is 
built in brickwork, firebrick lined, and the whole enclosed m 3 mild 
steel casing of about ^ inch plate. This casing enclose^the burners, oxide 
shafts, forewarmers and platinum contact shaft. Built against each 
casing at the back is a brickwork chamber enclosing the superheater, 
which is fired by a separate coke fire. 

drying towers (Fig. 2 ).—As it is essential to avoid, as far as 
possible, moisture entenng the system with the gases, the air ior 
combustion of the p)aitcs is first dried in air-drying towers. Two air¬ 
drying towers are jirovided for each two double units. Each air-dryiftg 
tower consists of a lead box supported by timber framework (inside 
dimensions, 4 feet x 6 feet x 15 feet high), lined with unjointed 
brickwork. A brick grid floor supports the coke filling. The atmospheric 
air is driven into the bottom of the tower by a No. 5 Sturtevant fan* 
driven by a 6 h.p. motor. Acid is circulated to the* top of the towers 
by centnfugal pumps delivering about six tons of acid per ho*ir in each 
,^bwer. The two towers are connected in series. The air after leaving 
t#e sgccnd or strong tower, is conveyed in a gas main, and thence, by 
distributing pipes, to the 24 humors of the two doiible units. , 

*Lump burners (Kg. 3 ).—Each single unit consists • of six burners 
(fwe sets of three placed back*to back) of the usual type. Each burner 
has a grate area of 20 square feet, and is capable of burning about half 
a ton of pyrites in 24 hours. The bed of the burner is formed *of square 
section grate bars which can be revolved by means of a key, so as to 
enable the burnt ore to be dropped into hoppers underneath. Every 
three burners, which are separated from one another by a low brick 
w'all, have a common flue which leads the gases into the base of the 
oxide conversion shaft. The burners are totally enclosed, the air tfor 
combustion being supplied under a slight pressure from*lhe air-drjfing 
towers by means of pipes leading under the grates. 

Oxide shafts (Kk- 4).— Each double unit lias four oxide conversion 
shafts (one to each three burners). Each oxide shaft consists of a |quare 
oliamber with an inside sectional* area of 21 square feet. The lower 
10 feet is reserved for iron oxide packing? but is never filled more than 
7 feet 6 inches ijmler ijpmial cmiditions. The uppe? 10 feet contains 
the Sbpper for chargiji|,freMi ifon oxide and fhe forewarmer pipes used* 
for heating regenerativ^ fl\p gSees goin^ to the platinum converter 
shaft, The iron oxid* flfflihg is supported on iron bars similarf%o those 
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( in the pyrites burners. The burnt ore, can be shaken out from time to 
time into hoppers . which deliver the same into cellars below the 
floor 'level. 

Oxifle shaft coolers; (Pigs. 3 and 4). —The gases from the two opcide 
shafts of oiie 'anit, which have been partidly cooled in passing over 
the forewarmer pipes, enter the base of a cylindrical steel cooler 

3 feet'7 inches diameter, i6 feet .5 inches high, containing four circular 
baffle plates. The cylinder sits on a lead saucer and the gases passing 
up inside art cooled by water distributed from the top over the exterior 
surface pf the cyUnder. The gases from two of these preliminary 
coolihg towers (coming from the four oxide shafts of a double unit), 
unite, and pass through a third final cooler of the same type. 

Absorption towers (Figs. 3 and 4). —The gases leaving the oxide 
shaft coolers are conveyed by a 14 inch cast-iron gas main to two 
absorption towers working in series, for the purpose of absorbing, by 
means of sulphuric acid, the .SOj produced ip the oxide shaft. There 
are five absorption towers to each double unit; the functions of the 
remaining three towers will be explained later. Each absorption tower 
consists of a mild .steel cylindrical shell, 5 feet diameter x 24 feet high, 
built up in sections jointed with asbestos rope, and lined with acid-proof 
bricks of about 8 inches x 6 inches x 3 inches thick, jointed in 
acid-proof cement. A cast-iron grid resting on angle pieces riveted 
' inside the shell, at a height of 2 feet 8 inches from the bottom, supports 
about 30 tons of c^uartz filling. Additional sui)port to the cast-iron giid 
is provided by a centre pillar resting on the base of the tower. At the 
top of the tower is a cast-iron acid distributing plate. 

Purification system.—The gases of the double unit, after pacing in ® 
series through two absorption towers, are pulled through a Kynoch fan, 
driven by a 6 'h.p. motor. From the fan they are driven through a^ 
purification S3'’stem, consisting, for each double unit, of four acid catchers 
and six filters (threp for each side of the acid catchers) (Figs. 3 and 4). 
The acid'catchers consist of steel boxes, 11 feet 6 inches x 6 feet 7 inches x 

4 feet I inch high, filled with graded quartz, supported on a .steel grid. The 
gases enter at the top, pass down through the filtering medium into the 
•bottom grid past a baffle, and up again and out of the box. The four 
acid catchers are connected in parallel to both an incoming and outgoing 
gas main. From the acid catchers the gases pass in parallel through 
six filter boxes of similar construction, but packed with quartz on the 
grid, then slag sand with a covering of 3 inches of a mixture of 
asbestos fibre and lime. 

, Heat-exch^er (Fig. 3).— The gases of a doqble unit, after leaving 
the ^rification system,, divide, one-half of the gas passing through 
the heat exchanger of one ufiit, and the other half passing through the 
heat exchanger 9f the other imit. The heat exchkngers are identical 
c in construction* with those at the Grille j^anf, •which are descrilisd in 
detail in th« Grijlo plaht seqjtion. Tlje col^gasbs Ilow through the tubes 
of the Jet at exchanger, and ar« heated in ‘theiP^aesage by the Jfot gase? 































































































DESCRIPTION OF PLAN! 


from fhe platinum conversion slRift, which circulate around the outside* 
of the tubes. • 

Forewarmer (Fige. 3 and 4).- The partially-heated gases are still • 
■ furliier healed iiy passing through n. scries of 12 hoHzoijyil pij)es, jointed 
Ingc'ther by double licnds, each pij»e being 10 jijcfics diameter and 
I.* Icel 6 inches long, with a total outside heating .surface of 8w4,square 
{eel. The hot gases jxissing up the oxide shaft circulate*afound the 
(Hitside of these forewariner ])ipcR. , • 

Superheater (Pigs. 8 and 4). —The hot gases from the forcwariher 
:ir(i finally furtliiT lieated in a cok(;-fired " superheater ” li* an' o])timuni 
temperature for conversion in the platinum sliaft. •ICacli single unit 
has oiu' sujierhcaler, consisting of six vertical pipes and headi'is, heated 
by a cok(‘ tin;. The oiylside lu'ating surface of the pipes is about 
JO stjuare feet. TIk' furnace is oi onlinary brick, with lirebrick lining, 

() feet 10 inches ,• 13 feet 10 inches wide x 21 feet 8 indies liigli. 

Platinum contact shaft (Pig. 5). — I'lie gases leaxing the sujM'rhc'afer 
pass up tlirough tlie platinum contact shaft (one for each single unit). 
The platinum contact shafts are made of cast-iron, liiiilt uji in sections, 
one on top of the other, to form three ovens, each 12 inches deep /. 

I icet 3 inches long :• 2 feet 3 inches widi'. Inside eacii o\ eu is jdaced 
a r.ast-iron frame, into which is fitted ten asbestos ])la.tinised mats 
separated by wire gauze. The cast-iron frames are «.'onveni(;ntly • 
constructed for (-.lamping the four edges of the- ntats together, the 
whole being clamped tightly with iron b(dts. l^aeh oven is titled with 
a cast-iron door 30 inches long , 14 inches wide, for th(; purpose of 

clAinging the mats when nece,ssary. * 

f 

, Pinal absorption (Pigs. 5 ).—The gases, after jjassing up through • 
•Uu; platinum contact shall, are la-ated by the chemreal* reaction taking 
])lace, and some of this luiat isRisefully employed in the heal (.•.\( hang(;r, 
as mentioned before. Th(;.se gases from eaclt doubly' unit, after leaving 
lh('ir respective heal (;.xchang(;rs, join at a “” piece and'jiass up 
tlii'oiigh a v('rtiral cooler, so called " jilatinnin ” cooler, similar in 
construction to the oxide sliaft coolers previously descrilx'd. After 
leaving this cooler, the uasc^s irom tlie double exit pass through three 
absorption towers in series. Tliese to\v(‘rs an- jilac.ed alougsicle, and 
are similar in construction to, the ahsorjilion towers described for Uie 
absorption of the SO., c()nv(;rt('d in the oxide shaft, l-'rom the lAst 
tower th(' gases ])ass to a chimney (‘.\it into the atmosjihere. 

Circulation sysjjpm. Tor the purj.)osc of circulating acid down tlic 
live absorption towt-rs yf <'ach double unit, there are proxided, on tfae 
gtlt'iind floor, four mild steel acid rc'scTvoirs 4 > feet diameter inside X 
i feet high, thrc« of which are vvater-jackt'tted and one without water 
jacliet. h^our 1} inPh centrifugal Kynodi acid puiisps. driven in jtairs 
by 3rh.p. motorV »rd*proVdFd for circulating the 'acid horn the 
reservoirs to the top'of tlif fivc*,towors. #One iuilcl ^Icel.h^ed tank, 
5^eet diameter by-5 fget •high, coustructc'ij on a brick pier, at />qe end 
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of each battery of absorption towers, of a double unit, scives to provide 
leed acid by gravity to No. i reservoir. 

Drip acid.- A number of small tanks an; |)rovide(l for collecting 
drip arid from ♦he acid catchers, lilt('rs, coolers, fans, etc, Pohle air 
lifts raise fliis add to a common lead launder, which conveys the acid 
by gravity to a st6rag(' tank. 

Herresohofi burners (Figs. 4 and 5).- In addition to tin; cighi double 
unit^ of lum.]) burners already described, lliere aie two double' uni^s 
of the Tleri't'schoff type for burning ])yrites " fiiu's,” These Herre- 
srhol'fs an' of the ordinaiy standard type', with liv(' shelves. The 
" fin('S ” aie led tnim ho])pors ov erlu'ad by means of worm feed, and are 
flistributc'd f»\'er lh(' top shelf l)y revolving arms lit ted with teeth. 'I'lic 
teeth ()] tlic first arms are so arranged that they pass tlic “tines’ to 
and over llii' outer iierijihcry ol tlic circular siii'lf. On the si'cond shell 
the teeth draw tlie “ lines ’’ toward tlic' centre, w'hcre they fall on to tlie 
lliird shelf, and so on user the live shclvi's, the residues iinally falling 
into a hojiper lielow. 

'I'!i(' vertical hollow air-cooled central shafts of tlii' four llerreschoffs 
to which the distrilniting arms art' attached, are slowly rotated by 
geaied altaclinienl to a central line shaft driven by a lo h.p. motor. 
Tlu cooling of the (('iitral shall is liroiight about !))■ Hit' colti air tioni 
tlie air-flrying towers, wliieli jiasses downward Ihrongli tlie hollow shaft, 
and outward tlinuigli small oiienings in thi' sliaft to each shelf. 

Ifach of the loiir Herresclioffs takes tliret' tons ol pyritt's “ fines ’’ 
])('r 24 hours. As the ^Herrcscholfs do not heat the gases suffiriont'y 
lor good ctjnvt'rsion in the oxide sliaft, a small lump burner is 
conslructed alongside each Ht'rre.schol'f, the hot gases from’ vvhidi, 
mixing in a common llui' with th(' eomparatively cold gases of the 
llerreschoffs, bring the temperature of the mixture up to an optimum 
condition for oxide conversion. 

Inasmuch as there an;«two o.xide shafts to each Iliirresclioff burner, 
tliere an' two lump burners to (;ach Horreseliotf bnriu'r, jilaci'd back lo 
l)ack, of similar construction to those jircviously described, each burning 
hall a ton of luinj) jiyrites jier 24 liours. 

Each double unit HcrrescholT, with its two Ilerresclioff burners 
and four lump biiniei's, lias four oxide shafts, fi\T absorjition towers, 
similar coolers, acid reservoirs, pre-heaters, etc., as have already been 
clescribcd for the double luinj) burner unit. 


Operation of the pi.ant 

Crushing pyrites. When the whole of the Mannheim plant is being 
o])erated, the tw-o IlerrescholV burners are only capable, of taking about 
half the “ lines " |Toduc('d by the mechanical crushing pliuit, which 
produces about' jicr^^cent. of “ fines’’ (dej^Chdiiig on the oreV It 
is found, tlv'ref<v'e, ('epnomu’al to break the ore by hand, which reduces 
the perc.“iitage ol “fines'’ to about'^io per cent 
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Weighed charges of the ore #Tre trucked in bogk^s to the Mannlieina. 
burners, lump ore via an i8 inch gauge track on ^le floor level to the 
lunifi) burners, and " fin(;s via an electric hoist and overhead inch 
gaug<' track to the ho]){)ers of the I lerreschoffs. Each bogie holds 
15 cwt. of ore.* It is approvefl practice to accumulate%tocks of pyrites 
convenient to each set of burners, for the ].iurposii pf enabling the, ore 
to get thoroughly dry before being burnt. 

fthurg in g the bumers. The burners ar(' charged by nutans of „ 
l(fng-haiidle shovel (2-5 cwt. is the cliargc>) in tlie follo\ 9 ing rotation 
for (?ach single unit:— • • 


Hunii'r N". 

Hour i>( ( hariiiiiK limi.'. 

ilnui nf I h(i]>pin(' tiinit. 1 

, * 

Ilnur nl usiiiK I’ricking liar. 

1 

2 and 8 * 

7 uiiil 7 i 

1, 5, 7, iiml 11 

i 

•1 ;ii]<l 10 

() and () 

7,1), and 1 

5 

(1 :i.ikI 12 

3 and 3 

5, (), 11. and .1 

• 2 

.) iuid 

2 and 2 

2, (), 7, und 12 • 

4 

5 and 11 

4 :uid 4 

4, S, 10, iiml 2 

(. 

1 uiid 7 

1 

12 nnd 12 

12, 4, (), and 10 


The. bed of flu; ort: in the lump burners is about <) inchojj to 
10 inches deep, spread e\'enly over the surface, and rests on the square 
grate bars previously described. , 

Any dust in tlie ore lieing charged is distributed as much as 
possibh' around the side of the burner; this assists in overcoming the 
tend<mc:y of air entering tlx; burner to creep the sifles. Care must 
, bd takeii to see that the front of the Inirncr is candully clfarged first. 

rCsY’ of the pricking bar. One hour before and thr<M.' hours after, 
,ea.cti charging, th<' firt' is sliced by means of a ]ni(kijig,bar—a long rod 
having a single ])rong 7 inchej Jong at the ('iid. The jirong is buried 
in the lire just inside the small raking doyi', and pushed slowly and 
steadily rigid to th(‘ back of the tin'. The lire is sHced oiky' along the 
])artiti()n wall, once in froid of the raking door, and once towards the 
ei-ntro of th(' fin' througli both raking doors, thus making six slicings 
for one burner. This procedure cuts through any skin of slag, and so 
keei)s the lire open. 

Drop pint’ burnt err.—The burnt ore is withdrawn through tjic 
grate bars by turning them first in one direction and then in anotlifcr, 
through about |Cth of a whole turn. A bar is missed every time in 
going from one side of the furnace to th(' other, the missed bar being 
dealt with on returning. This ensures that only the low('r layi'r is 
withdrawn. Too mueb care cannot be taken in dro])])ing*. otherwise 
iwilmrnt ore will ('scape, with the'c'onsecyicrft loss of sulphur, as wt.'ll 
as reducing the*de|^lh of tlu' lU'w chargi; in the burner, reducing the 
resfetance, and upsettingfonijitions which are essetdml U) proper working. 

Operation o! HeirMchefi biiriiei's.i -Tlie pyj'iti's «•'fines’’ Isjsuing from 
tjie overhead charginji. hqppcr are* fed to^the top shelf of tho burner 
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,by ati intermittent,worm, capable of.regulation. When the feed of 
the ore is jffoperly, adjusted, the colour of the burning ore on the 
shelves should be—top shelf, no fire, dull appearance; second shelf 
pre.sents a distinctly red appearance; third shelf or hot shelf, is bright 
red with flames,* fourth shelf should have a visible glow at night;* the 
fifth, or bottom sljelf, should apjiear quite d(!ad and black. The 
Herresc.hwff^lump buriuTs are hand-fed, and operated similarly to those 
^already descrited. 

"Air drying towers.—-The air passing in series through the two drying 
towers is thorcHiglily dri(rd by sulj)huric acid of 75 to 80 per cent, 
strength flowing down the first tetwer, and acid of 95 per cent, strength 
down tin; second! or final, drying tower. Tliere are two lead-lined 
timber re.ser\'oirs of about <’ight tons capacity, one for each tower, the 
acid being elevat(!d to the top of the; tower from the circulating 
reservoirs by two 1^ inch centrifugal Kynoch* pumps, driven from one 
conunon shaft by a q h.]). motor, liach i)ump is regulated to elevate 
about si.\ tons of .acid per hour, I'lic; fan driving the air through the 
drying towi'rs has its capacity <'ontroll(;(l l)y a damixa- in the .suction 
jnpe, in onh'r to regulate; the pressure of air in the burners. 

Oxide shaft.- It is essential in filling the oxide shaft to have iron 
oxi(ie ore which has Ix'en screened to free it of .all undersized ore below 
I4 inches. It should Ix' dry, and prefcTably fresh and warm from the 
.burners, also well burnt. The dei)th of ore is adjusted to about 7 feet 
6 inches, to give' tlie lx.‘st resistance in the shaft. Two inches of ore are 
dropped ojit every morning, and two inches of fresh ore charged in at 
the top. ' 

SuperheatOT.— The coke iin; in the superheater must be regulated . 
,so that the temperature of the gases to be heated is raised to about 
470" C. Alter the^iilalinuin mats have been in use for some timet it < 
is necessary to raisi; tliis temperature to ,480® C. or 490“ C., to correct 
the poisoning actions of arsenical compounds which .arc liable to escape 
in the c»isting hiaihit]Uii.tc purification system. 

Platinum contact shaft.—In time; the mats get so poisoned with 
arsenical coinjiounds that they must be taken out and replaced by 
fresh ones. Tla; poisoned mats can be jxirilied by washing in a dilute 
solution of hydrochloric acid. The rewaslied mats an; not as satisfactory 
as 'new ones, and can only be revivified in this maniur about twice, as 
the asbestos fibre mat timds to fall ajiart. By eliminating moisture 
in the air entering the burners, one of the carriers of arsenical comjiounds 
is removed. By attiuiding, regularly to tla; repacking and cleaning of 
the acid catchers and filters, acid mist, whicti is anolliei* source of carrier 
of ?;aWi.Iyst poisons, can be trapped tp some extAit. 

Absorption system.—The absorption is done in two stages: first, 
the absorption of ,tha SOg which has been convjrted'in the oxide shaft, 
•and secondly, the absopption of the rema'ning'SOa converted in.'the 
platinum cob tact,shaft.* Tha entire sy.stem, however, must bcconsidered 
as one,a\)sorption unit. 




OLEU M PLANT. 

DIAGRAM OF FLOW OF GASES. 
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Fresh feed acid is distributed over towers 2 a»d 5, these being th* 
final towers of the two stages mentioned above. ^The acid from these 
towers runs back into receiver No. i, and a portion is passed ftrward 
into receiver No. 2, being then pumped up into tower No. i, returning 
intci receiver No. 2, a portion being passed forward int» receiver No. 3. 
From this receiver the acid is circulated over tqjv^r No. 4, returning 
into receiver No. 3, a portion being forwarded int/) receiver .No. 4. The 
acid in this last receiver is pumped over tower No. 3, and run’back into 
i^ceiver No. 4. The acid gradually increases in strength by absoi^'ition 
of SO;, until finally, in nxeiver No. 4 it is in the form of oleum, vtfth 
20 per cent, frei; SO,,, h'or this reason arrangement is made for pumping 
the acid in No. 4 receiver din'ct to st(.tragc, in addiliun to*being able to 
(devatc it to tower No. 3. 

The strength of acid in the recinvers varies as below : 

No. I, ()8 per cent.; No. 2, 5 per cent, fn'c SO,; No. 3, 

10 ])cr cent, free SO^; No. 4, 20 jier cent, free SOg. 

. • 

For the; purpose of n'gulating thi'se strengths, arid can be passed 

forward or backward to the rc'ceivers us dc'sired; 05 per cent. HgS04 
as feed acid is run into receiver No. j, while 20 ])er cent, oleum is run to 
storage from receiviT No. 4. 

The phtli of the gases is as follows :from oxide shaft, through 
coolers, to bottom of tower No. 1; from tlu' top of No. 1 to bottom 
of No. 2; from top of No. 2 through system desiTibed, back from * 
platinum shaft, through coolers, to bottom of tower No. 3; from No. 3 

to bottom of No. 4; from No. 4 to bottom of No. 5; from tofi of No. 5 

tq exit into atmosph(;re. , 

For clearness, the whoh* course of the* gas may now be traced 
agajn (Fig. 5a) ^ ^ • 

(1) Dry air enters the pyritijs burners, being forced through 
the air drying towiTs by an air blower. 

(2) The pyrites burns and gives off suljihur dioxido. 

(3) Tlie mixture of sulphur dioxide and air passes through 
the mass of burnt jjyrites in the oxide shafts, where about 
35 per cent, of the SOg is converted to SOg, and the larger 
jiroportion of arsenical compounds and other poisons arc trapped. 

(4) 'I'liis SOg with unconverted HOg and air, leaves the 
oxide shaft. 

(5) The gas mixture passes ovit the preheater pipes: gives 
up part of its heat to heat up the gas in thi^se pipes, which is 
on its way to the superheat(!r. • 

(6) Tlfe partly-cooled mixture is further cooled, in wat4^r- 
cooling towers, and leaves for the absorption towers Nos. i jthd 2. 

(7) TJie cooled gas passes thraugh these absorption towers 
in s6ri6Si I 

(8) The SOg'il taijeiv out of the mixture. 

iq) SOg and air laave the second,absolution fowej, drawn by 
the fan. 
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(10) Gas (forced by fan through purification system—that is, 
acid catchers and filter boxes. Any trace of SOs or ^2804 mist 
’’is here trapped, runs from the bottom of the purifying system, 
and is pumped away from tlu' plant, as it contains much arsenic. 

(11) 3 he purilied gas ])asses tlirough the inside of the ttebes 
of the heat .i^schanger, when; it is heat('d by hot gases from 
plalinjina shaft.. 

(li) It ])asses through the forewarnier i)ipes in the oxide 
'■ shaft.. Here it is further heated by the liot gases from oxidp 
, , shafts passing over these pipes. 

(rj) It j)asses tlirough the coke-fired superheater pipes, and 
the heating to jiroper temperature is completed. 

(i.^) i'he hot mixture; of SO^ and air jiasses through the 
platinum mats, where, w'ilh new mats and good conversion, 
88 pi'r cent, of tlu; remaining .SOj is conxerted. This gives a 
total of ()2 jier cisiit. over-all conversion. 

(15) Suljihur trioxidi', a little unconverted sulphur dioxide, 
and air passes from the platinum idiamber. 

(i()) These hot gases I'oimd the heat exchanger pipes, 
and are partly cooled by the cold gas jiassmg through the heat 
exchanger pijies. 

(17) Gas finally cooled in water-cooled tower. 

(18) SOj, convi'rted in the; platinum shaft and a small amount 
of unconverted SOg w'ith air, enter tlie al>son)tion towers 3, 4 
and 5 in serii^s, after w'hich the remaining gas passes to the 
atmosphere. 

' Plant control 

Samples of tlu' gases are ri'gularly tiiki'ii aiifl testnl for ]XTreiitage 
of SOa in the burner gas, and with good working coiulilions this should 

average b per cent. SOa.* ■ 

Samples of burnt ore are daily tested for sulphur content, and 
should average not more than 3*5 per cent, of rmiveralile sulphur. 
There is, of course, always more or less sulphur existing as sulphates, 
(IciM'iiding on the class of ore, which is impossible to recover. 

Samples of gas from the oxidt' sliaft entering No. 1 absorjition 
tower are n;gularly t(;st.(;(l lor percentage of SO.2 which, with clean-burnt 
ore packing and good work, should indicate a conv(;rsion in the oxide 
shaft of 35 per eiuit. It is most important that the oxide shaft should 
do its allotted share of conversion, so as not to overload the platinum 

shaft, , , , , 1 . , , , 

Samples of gases from tlu* inlet to tlu’ platinum Siiaft and inlet to 
No. >3 absorjition lower are similarly tested for the purpose of 
determining the convcTsion in the jilatinum shaft, ^ith new mats 
and good working, these tests should indicate a convo'siiin of 88 jier cent, 
in the platinum shaft; but, in practia;,. an .average conversion of 
' 80 per cent, is with d,miculty maintained there is arsenic in' the 

*,(,?« page 37,) 
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)re. Ore with over o • i per cent, pi arsenic as As-^Oa js almost unworkable^ 
vith the existing purification system. Pyrometers are fitted for 
iscertaining the temperature in the centre of the oxide shaft, aRo the 
emperature of the gases entering the ])latinum contact shaft. The 
emperature imoxide shaft in the ci:ntre of the mass varies from 5()o''C. 

() 6oo°C. A higher temperature would giv(^ bettjir^ conversion, but is 
tnpossible to attain with the existing plant. , , , • • 

Manometers are fitted in various parts of the plant wliich givg^ 
Indication of irregularity of working through chokes qf absorption 
;(iwers, etc., by tlu* formation of sul])hat(> sludge. 

Some notes on the woukinc oe the rj-ANf 
l''rom page ll to 37 a more detailed aceoimt is given of the working 
)f the plant and of experiments carried out in connection with it, as 
well as an att(unpt to const met n hea t balance of the process, 

Buineni. —At first, owing to tlu' in<'xperi(;nc(' of tlu' rru'ii who were 
ivaikble for working the burners, it was tlillicult to get uniform results 
ind keep the suljdiur left in 1h(' burnt ore down to a minimum. 

Trials were made of fires of depths IroJii 10 to 20 inches. The 
.io inch fires were found to hi* extremely sensitive, v’ery readily cooling 
)ff or heating up too much with had results in either case, Gradually, 
liowever, good results wm' ohta.in('d with both tires, as (‘.xperionce m 
working tliein w'as obtaineil, but the opinion is that in running a large ^ 
plant where close individual sn])('rvision of the hunuTs is not possible 
it would be more satisfia tory to run with shallow beds, provided great 
.'are were exerciscul by the men in drojjping the tiros. The large number 
i)^ separate lump burner (ires whieli demand attention if tlw; best results 
are *be obtained make it desirable to have as many llerreschoff 
huijicrs as possibh* as tiujse require much less sui)er\asion and labour. 

Report on special method of ittorhing pyrites hunters at II.M. factory, 

Queen’s ferry. * , , 

One section has undergone an exjierimeutal run with the object of 
finding out 

(1) The depth of lire reejuin'd w'hich would be easily workable 
and which would give consistently low sulphur content in the 
burnt ore. 

(2) The method of treating the fire in ordrir to prevent fhe 
formation of " clinkers." 

(3) The charges which fires <jf various depths would take, 

so as to allow them to be thoroughly burnt, three hours after 
charging. * ^ . . 

(4) The best method of taking and shaking for a hand-clftrged 

pyrites Ike. • 

(5) Ttielideal condition of the burners,consistent with the 

maximum ulfidenty tile plant. . ' • , 

With these objects in \flew, tljc fires o» No. t unit, were lowered to 
iwdeptkof IO inches,fires on Net 2 unit? raised to 16 Jh(;hes, 
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'Hie 10 inch lirts were originally given a charge every six hours, 
raked three and five hours after charging, and dropped an hour before 
each charge. In order to systematise the work on all the fires, it was 
necessary that a definite weight ol pyrites should be put^on the fires at 
charging time. It was found that two 13 shovel charges, as giveii by 
two burnermcn dificred in W'eighl by 0-25 cwt,, a difference which 
would 'sIk'iw itriilf thne hours after charging when the fires would not 
•be ready for raking, and consetpu^ntly not ready for charging after six 
hours. It is absolutely lu'ccssary that each tire should be charged, 
ral'cd, and shaken at tlu* hour prescribed for it, This can only be 
.'ittaincd by g('tting llie lires into good condition, and then giving to 
each fire the cliargc which wall Ix' burnt out in six hours. 

Boxes were made which would just contain a half charge of pyrites. 
These boxes were re(]uire(l to bi‘ 12 inches by 17 inches by inches, 
and the burnerrnan must fill lliis box twdee in ord(;r to get the proper 
charge, This charging of a definiti' weight of jiyrites soon brought the 
fir.'?s into that steady stat<.‘ which is so ess(!ntial to good burning. The 
results ol this good Imrning may be setni from the grajih (Fig. b). With 
charges given by a ctatain number ol shovels and not by a definite 
weight, the sulpliur content of the burnt ore varied considerably, but 
after a month’s run with definite charges by w'eight, stc'ady results of 
lietw'een l-y per cent, and 2-2 per cent, were obtained. This increased 
burning of the pyrites showed itsi'lf in the increased efficiency of the 
plant, which is kept bc'tween 88-0 per cent, and ()i-o per cent. 

Melhctd of raliini’. The rakes emi)loyed were of i] inch steel, and 
had one prong b inches long; tliis prong w'as chiselled at its front and 
back edges, aiid w’as i)ointed at its end, Tn all raking that is properly 
done it is absolntidy necessary that the whole prong of the rake be 
embedded in the. or.y by this means, a 6 inch depth of ore is disturbed 
and all dust is thrown down to the bottom of the fire from which it is 
removed by shaking. . . 

The most satisfactory method of raking is tlu^ one as shown m 
diagram (Fig. 7). (linkers will always form where dust collects and the 
finis are hot enough; it is tluircdore necessary to remove all dust from 
back and sides of furna.c(!, i.c., the places where most dust collects. 
The burner-man commenctis his I'aking by making the pr()ng of the rake 
sinje in its full 6 inches into the ore at the back ol the fire riglit up against 
the* wall. The rake is then drawn towards the front of the furnace, 
keeping the jirong well embeddcicl until the middle of the fin* is reached, 
when th<i rake is removed and dropped into the ore again by the wall at 
the back, and once more drawn to the middle of the fire. 

< When the whole of tlui wall at the back and sides has been cleared 
of dus't, the fire is rak(id ir. the same way from the front to the middle, 
the rake its(!lf being pushed in this case instead ()f l^eir.g pulled. 

In order to njakti certain that no dust^ ret^gins, i,t is advisable »to 
i’e-makc the fire, as shavn in diagram, fbr a distarjce of about 6 inihes 
from the ba«k and sides all round, h' two-jfronged rake is now used to 
level the pre, and the fire is ready for dropping *‘ 
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METHOD OF RAKIN G A PYRITES FIRE 

AS ADOPTED AT K M FACTORY, QUEEN’S FERRY. 

1- 

4 • 

Throe Stages. 

I. Pull rske 'from back snd si<ic^ to*tentre of fire. 

H Ptjsh nake. from r^kin^ dooifii to Centre of fire. • 

In. Re-rake bed of furnace from well.i Rt back and sides. 

I • 

Fie. 7. 
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Dropping .—This operation 4 s one that requirts considerable care” 
and is, perhaps, the most important which a burnerman has to perform. 
A good fire may be entirely spoiled by under, or over dropping. The 
key is put on the bars, and is quickly iurncd four or Jiye times through 
an angle of abcftit 45". 'I'his is sufficient to shake all dusrinto the hopper 
and leave the large pieces still in the fin;. Mist;»kes have been^made 
licfore in allowing burner men to twist the handfe of tlw key tfirough 
;<)()“ time after time. This mc'thod not only removes dust, but,also 
iiynps and half-burnt jwrites are forced between the bars intb the hopper 
below, and over-dropping results. 

Times of charging. —.Ml finis previously h;id been limed for charges, 
rakings, and droppings at the iiour. As a systc'inatic method of nmning 
the burners was desired, it was necessary to time each ojx'ration so that 
at any moment it was pos.sible to tell exactly what was being done on the. 
burners. The scheme adopted was as follows :— 

Ten minutes l;»efore each hour - I'in's to be raked which haye 

* burned ajjproximately j hours 

after their charge. 

At the hour .... l-'in's to be charged. 

Ten minutes after each hour - Fires to be raked and drojjpcd 

which lia\e burned apprtixi- 
mately 5 hours after their charge. 

This system allows 2 hours 50 miiuitcs for the 2J cwt. charge to 
burn ofl before th(' first raking, and 5 hours to nvnut('s betwtieit charging 
afld drojtping. 'I'hese times have worked exceedingly well since the 
firrs ha\e been charged with a definite weight of ore. * 

F&rmaiion of clinker. —T*revious experitmee in the management of 
]tyr*tes fires led to the belief that at times the formtftioii of cliitker was 
unav<iidabl('. Over a long period on one si’Ction it has been jnoved that 
with efficient raking, shaking .*nd charging,#and with whatever depth 
of fin', clinkers need never form. With the 10 inch lin's, using'a b inch 
|)ronged rake, the fires can be kejtt perfectlj' clean over any length of 
time and give no trouble at all. Wdth tlu' 20 inch fires, w'hich an' far 
mon' sensiti\'<' than the low fires, it is jusi as ('asy to prev('nt any hard 
clinker, but on several occasions soft clinker has been found, w'hich 
has Ijet'ji easily broken up, in the lire; so long as fires are kept free from 
clinki'r, e.sy)ecially the deep fires, it is unnc'cessary to jH)kc them. All 
pok('ring of fin's at Queen’s Ferry was strictly forbidden. With the 
deep fires, where each succc'ssive charge forms a layer on the top of the 
pr('vious charge, ^ is absolutc'ly necessary to* see that these layers are 
, not mixt'd. If the fires are hot and clean a charge is burnt out’thoroxjgllly 
lijjforc the nc'xt charge is put on. • This burht charge gradually finds 
its way down to the*bars, cooling as it descends with each shaking, until 
at t]ie bottom of tire fir^ it is just w-arni and ready fwr dropping into 
the J^opper. If any po^ering*is* allowed on these^deep fires if will mix 
the layers oi on: in various sfRg('s ofj3urning,%nd by throwing*deep down 
iiUo the* fire some of *th»jwtially burnt #will asfeist in the fonpation 
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of new clinker. Once this disturbance has taken place clinjkering will 
inevitably follow until the bed of ore one<! more takes up its original state 
in layers. 

The deep fires containing as they do a very dusty layer on the 
bars at least 6'inches dee]), must be shaken at the propper time very 
carefully- any oN'drciroiijiing will result in a space being left between 
the bars and the bottom of th(' fire, which will ])ersist until the fire 
is next charged, when the weight of the fresh ore jmt on will cause the 
bed to sink and 1ow(t the thickness of the bed considerably. 

Analysis of the burnt ore from the to inch fires at the beginning 
of the ox])ciimeiital inn showc'd that from 5 per cent, to 8 per cent. 
sul])hnr n'lnainc'd in the ore. Hnt as the burner-men were unused to the 
new method ol handling the lires, this was only to be expected. As 
soon as they had settled down into tlu' systematic running of the fires, 
these results at onc(' began to fall, and for the last fortnight the unburnt 
sul])hur in the ore varied from 2-2 per cent, to !•() })er cent. 

With the doe]) (ires the sulphur content gradually fell in the first 
fortnight, but in a much more* gradual manniT from 8 per cent, to 
3 ])er c('nt., and during tlu' last fortnight averaged 2'l l)er cent. suli)hur. 

During the latti'r ])art of the run, the snl])hur content of the ore 
froin the two sets of fires differed only slightly from one another, but 
in almost evi'ry ca,s(' the ore from the dee]) fires contained a slightly 
higher percentage of suli)hur than from the others. 

A series ol tests was i tin on beds of c'arious thicknesses, and it was 
found that for a deep fire, when th(' loj) of the b('d was on a level wth 
the bottom of th(‘ charging door, the lire began to cool and remained 
rather cooler than was n^qnired. The best depth in order to get good 
burning throughout and maintain the requisifi' amount of heat in the 
fire, was to keep tiie top of tlu‘ lire about 4 inches below tlu- lower level 
of the charging door. \Mth this dejith it is possible' to maintain good 
fires free' from clinker and burnt ore of low sul]fimr content. 

graj)h of the amount of sulphur in the burnt ore from the two 
sets of fires is given (Fig. 6). 

In making a comparison between any two sets of fires, it is necessary 
to take into account ease of working with all the othc-r factors. Judging 
from this standjioint, the 10 inch fires have easily jiroved themselves 
to be better than the dc'i'p onc's for the following reasons : — 

(1) They are easier to work. 

(2) The l)urnt ore from 10 inch fires ('ontains slightly less 
sulphur than the otiiers. 

(;p Comjilete absence of clinker eithcf hard or soft. 

(4) They can be woiked by men who are not experienced 
burner-men. 

(5) Any mistake in over or under dro])|)ing by any bunier- 
mon can be mo) " rpiickly remediwl ’h lo>]t^fires than in deep ones. 

During this' period the efbeieneyvose to 02 per cent, on two occasions 
and averaged 89 per cent., the extra efficic.itcy Jjcing accounted for by 
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the increased burning of the pyrites with the resultant lowering of* 
sulphur content of burnt ore. # , 

Using this method of treating pyrites burners as described in this 
report, it has been proved that the Mannheim plajit can be run 
contiTiuously at*an efficieiK’y of 88 ])or cent., with burnt rfre ntiver giving 
;i figure higher than 2-5 per cent, of sulphur, eacii•section producing 
1-2 Ions S(>3 per clay. • • * * 

Air drying.—The air supplied to the burners for the .combustion 
of*the i)yriles is forced by means of a Stnrtt'C'ant fan through two l^d 
(h \ ing bjwers in s('ri('s which serv(! two units, Sulphuric .acid (94 ^;r 
ciait.) is circulated over these lowers by mciins of :i c^'iitrifugal pump. 
The circulating acid is kept at ()4 i)cr cent, by a constant inflow of 
()8 ]»er cent, acid and a constant outilow of ()4 per cemt., the latter 
t)eing used as feed for the ftnit. The efficiency of this air-(lr\ ing system 
is ()5 ()6 per cent,, the moisture in the' air (>ntering the burners never 
exceeding o-.{ grams. ])er cubic metre. As a result of this the acid in 
the si'itling tanks from the coolers is very small in quantity and higR 
in strength, that from the oxide coolers containing on the average 
10 12 per ('(’lit. free SO.,, and that from the ])latinuni cooler 22 24 per 
cent, free SOa, the amount collected from tlie oxide coolers is about 
o-o() ton peix 24 hours per double unit ! o’o(>2 ton per 14 days frwm 
the platinum coolers. 

Further, the amount of sludge settled in the basi's'of the coolers 
is almost negligible after liv(‘ moiitlis running. 

()riginally the acid was raised to the toji o^ the drying towers by 
Kestn('r elevators, and then the drying was much less efficient and erratic 
tluni alter centrifugal circulating piinqis were emjiloyi'd, w’liich enable 
» a mu(ffi larger (juaiitity ol acid to be jiassc'd over the towers. 

•I he object of drying the air supjilied for combiisiioii of the pyrites 
is two fold ; (i) to avoid jiroduction of weak acid by combination of 
the moisture with the SO,, formed in the iixicle shaft, which would 
corrode llie steel irooler, and give rise to arsenielirettod hyilrogen; 
and (2) because moisture in the gases lu'liis to carry forward any arsenic 
whicli may be jiresent. 

Oxide shafts.-—'I'o maintain the shafts free and in a workable con¬ 
dition about 150 lb. of oxide are drojiped from each shaft per day, 
and this is replaced by an ('(jual weight of fresh .screened lumps (lu^kl 
li>’ I. I inch mesh) from the lump buriK’rs. iixperinients .showed that 
droi)i)iag ol oxide-from shafts militated against a high_ efficiency for 
SOUK’ hours, and it would ajqM’ar that a daily dropping is inadvisable, 
])rovid<‘d the shat>< an' free and do not offer too high a resistance to 
'jKissage oi tlu' gases and that the arsenic eonlent is not cxr('ssi*v(;. , 

• , 

Cooliim towers*-0^de coolers. - It was found advantageous to alt(T the 

origiaal arrang<’meiiit()f J-tie a^id outlets at the b()tt<wn of the cool(‘.r by 
lutini^ them into a sUidge taftkVso designc'd tha<^ the pipes could b(; 
(’asily cleaned without c 1 isc(!nn(’ctlug tlu'nf. .Ml acid* from cooling 
towers Kt'trlimT fnnlrs fclort.ir.witli (trios fr(>.m tlu? hiain fan. filtdrs«and 
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acid catchers, was led into sjjecial tanks and pumped away from time 
to tipie for use in the nitric acid retorts, as it contained arsenic. 

Purification of gM. -Gas(!s leaving the second absorption tower are wet 
with acid and-lnust be purified before being admitted to the platinum 
shaft, 

The' extent of purification required depends mainly on two factors 
(fl) The amount of moisture entering the system—this with 
SOj produced in the oxide shaft forms sulphuric acid, part of 
which exists as mist, and in this finely divided state is very difficult 
to eliminate. 

{b) The quantity of acid flowing down the second absorption 
tower. 

The table below shows that the (piantity of acid condensed by the 
main fan in No. q section, whc^rc a very larg<' flow of acid was possible, 
is very large ct)mpan'd with the amount eoruh'nsed by the main fan 
in other units wdth normal flow. The strength of acid condensed by 
the fan is invariably the same as that circulating in No. 2 tower, which 
show's that this acid is carried o\'er by fan suction, 

The purification is effected by means of— 

(fl) Main fan, the centrifugal action of which eliminates 
about 75 jxT cent, oi the total acid carried over by suction as 
described above. 

(b) Four (juartz packed acid catchers through which the 
gas(!s pass in parallel. These? remove thi? greater part of the 
remaining acid. 

(c) Six lUtt?rs packed with a layer of quartz at bottom, on 
whicli rests the main filling of blast furnace gravel basic slag, 
followed by a layer of asbestos <n which is incorporated a little 
lime and magnesia. These should condense any acid passing 
the acid catchers. In practice, howev(?r, a small amount varying 
from 7-130 milligrams per cubic metre fails to be trapped, and 
as this is presumably formed in oxide shafts and burners it will 
undoubtedly carry arsenic forward to the platinum shaft. 


Acid dripping from fan per dav. 
Section. 




I 

1 

3 

1 

♦ 

' 4 

1 ^ 

1 

5 

1 

6 

7 

8 

9 

Cwt. 

! Cwt. 

1 * 

1 Cyt. 

Cwt. 

CWt.'' 

Cwt. 

Cwt. 

Cwt. 

j 

3'«5' 

.5-1 

•1-75 

: .5-;0 

4-2 

c-^- 

3'i 

n-4 
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Acid dripping from catchers and filters peP day. 


Section. 


5 

1 

6 


• 

^ 8 and lo 

^ • • 

Cwt. ! 

Cwt. 

Cwt. 

Cwt. 

• 1-8 

1-80 

3-a 

*37S 






TIu' following table gives the amount of acid " mist ” dJUculated as 
grams of H„S04 per cubic metre, entering the platinum shaft on five 
diff(Tent dates:— 


Section. 


1 — 


(>•045 


1 .O’Oll.l 


1 • — 


O' 028 


0-003 


0-009 

0-010 


0-012 


0 - 01 .) 

o-oiC) 


5 

1 

I 6 

1 

7 

: 8 

1 

1 

1 

9 

• 

10 

- 

0-014 

0-129 


i 

o-o 68 

o-<)T8 

0*014 

0-030 

0-71 

O' 017 

0-068 

o-()i 5 

0*004 

0-129 

— 

0*020 

0-007 

0-17 

o-oi 8 

0-025 

— 


0-010 


0-012 

0-047 

^ . 

_ •; 

0-026 

_ 

z 


— 

0-624 

0-027 


““ 

*■' 

-• 

0-026 

0-028 


It is seen that the results are variabh', showing that some of the 
acid catchers were not capable* of d(\'iling vj'ith the amount of mist 
satisfactorily. One return after five months running slwwed 0‘0q% gram. 
l)er cubic metre of mist in the gases leaving the filters for the heat 
e.\('hang(!rs. The gases entering the acid c;atchers contained i • 62 grams. 
Iier cubic metre, so that the (!fficiency of the filtering system is 94-1 per 
( ont. Hut this is not good enough, and the filtering system is not equal 
I0 the demands laid uj)on it. 

The quantifiers and strengths of acids from this section were as 
follows:— 


Sourco. 

• 

• 

• 

StronKth ealcuUiU-U 
as HgSU^. 

1 

Quantity cullcctcd 
per 3.) hours. 

Arsenic content in 
purts per million. 

• > 

• 


• 

Per cent. 

• 

• Lb. 


Oxide- (-(soleis* - 

1 

101-3 

134, 

600 

Plutimijn coolers 

... t* 


10 * • 

45 

Main full 

-• 

. 99 -r 

2 d\ 

180 

Acid catcliers • 

! 

95 'tk 

* 156 ' 

« — 

Filters -* - 

4 . 1 

1 

»• . 

nil* 

• « 


• Z ■ i*i»» * i 
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(ias jjassing through filters and catchers (i section) per 24 hours 
'‘=^ 1,140,300 cubic feet. 

= 32,300 cubic metres. 

Mist ■ removed per cubic metre i ■ 525 gramu. 

^ . Mist removed jier 24 hours = 

= 109 lb. 

Absorption 0! SO3. —'I'Ik' absoiiition system is well up to the work 
required of it. (li\eii a constant feed of 94 j)er cent, acid and the plant 
run to jirodiiee ,j() per cent, oleum, the handling of the system is compara- 
tn ely (.-asy, and an ellicieney of jiraetically 100 }ht cent, can be obtained. 

The ai'id circulating in Nos. 2 and 5 towers must in all cases be 
maintained at a strength of ()8 per cent. 

The principal factors in determining tlie efficiency of the absorbing 
system are; (i) temperatun^, and (2) concentration of the absorbing acid. 

"J'lie temperature factor dejiends to a large extent on tin; temperature 
of the gases leax’ing the oxide and |)latinum shafts and on the efficiency 
of the cooling system, which, in its turn, dejieiuls most largely on the 
water supply. 

The a\'erag(! of a numlwT of tcmjieratun? determinations in the 
four acid reservoirs is as follows 


Reservoir. 

1. ■ 2. 3- 4- 

53" C. 64“ C. 58“ C. 61" C. . 

The absorjition is accompanied by evolution of heat the hottest 
reservoir bidng the one receiving acid from the towiTs normally showing 
most absorption. ‘ 

nie following tcmi>cratures of gases entering the towers were 
taken:— 


Sretinn. 


2 

fi 

3 

6 


Enlei'ing absorption towers. 


! 

2 

.1 

4 

5 

90" 

55" 

.50“ 

38" 

35" 

4«" 

,42° 

57“ 

43" 

36° 

60“ 

43“ 

76” 

40" 

'32“ 

Sf)" 

46" 

<■’ 9 " 

43" 

39“ 


Exit. 


40" 

41° 

.38° 

40° 


In the case pf section 2 there were only t^^t) oxide coolers, which 
accounts for the high temperatures ofitfeu gahes entering towers l and 2. 
It will be seen thiit the^ gases leaving fewer ^ are hott^er than those 
entering on account of the evolution of hpat^during absorption aJ)ove 
referred to. 
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Main Inna. The glands of thfese fans should be packed with white ' 
asbestos dipped in flake graphite, not less than once in eight wfeks. 

It would have been far better if the stuffing boxes had been made much 
deepej, as they, do not hold two rounds of packing pijapcrly, and as 
tlie centnis of the spindle bc’arings are as far apart as 4fe?t 3 inches, the 
T)acking gets hard, causing the fan to vibrate badly, • • . ^ 

Superheater.- -Superheater pipes have bturn the cause of a great 
dc»l of trouifle. The i)ij)es an? badly designed. There are not sufiirient 
l)nlts in the fl.anges (six only), and instead of holes in the flanges tllgsc 
are slots with a raised face inside the bolt circles. Thesj slots are 
also in the wrong places. • 

It does not siiem reasonable to provide a 12 inch pipe with 12 holes, 
not slots, when it is subjectc'd practically to no strain and is out in 
the op(!n and easily accc'ssibh', while a 10 inch pipe buried in brickwork 
and subjected to severe heat should be provided with only six slots. 

It*was also found that the ends of the vertical pipe were not always 
in the same place, in one* ('ase there was as much as | inch difference, 
thus making it still mon* diflicult to make a good joint between a " U " 
bend and these, two jiiyx's. 

Gas testing.—The gas analys('s consist principally in tin? estimatibn 
of .SOj and oxygen. The oxygen is determined by absorption in alkaline 
])yrogallol, or' j)hosi)horus in an Orsat apparatus, SO^ is estimated 
!)>• absorption in standard iodim? solution or caustic soda solution. 
.\ttem]its were made, at one time;, to estimate both and oxygen in 
the; Orsat apparatus, using strong iodine solution for tlje SOjj and 
jiyrogcUlo*! for the oxygen; but, owing to the tact that the gas was 
collcftcd over water, erratic figun's were obtained for the SOg deter¬ 
minations. A certain amount of the SO,j was taken‘up* by the water, 
so that the final amount 100 cc»of gas collected for analysis, was poorer 
in SOj and corrcsiwmdingly richer in oxygen. • . ^ 

Reich tests taken simultaneously with those in the Orsat always 
giive higher results, and these again were confirmed by an analysis in 
anotlK'r Orsat apparatus, but <'ollecting over mercury. 

SO2 then cannot be estimated by absorption in iodine in the Orsat 
apparatus. Paraffin in colhicting tube of Orsat was also tried. 

Two other methods of estimating SOj have been employed with 
success: (i) The l^^ich lest, where the gas is drawn through a known 
volume of standard iodine by means of a syjihon, the amount of water 
syphoning over b<»ing measured in a gratluated cylinder. In the first 
•itK'thod, the gas is aspirated through the starch iodine solution, until 
111# blue colour is just discharged, Or until^ a \‘crtain depth of blue is 
reached. ^I'he voKm|e of water syphoning over is equal to the total 
volume of gas less the SO^absprbed. 

The equation— » * * \ 

SO2, -f'I* 2 h aHg© * HjS® 4 -f 2HI. 
shows that 254 gm. I^^bsWb 64 gm. of SO2, i.e., 22-4 litres of’SOj at 

* « a 
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NTP or O'127 gm. 1 ^ (i c.c. of N iodine) absorb ii‘2 c.c. of SO* at 
NTP. It is not possible, working the test in the ordinary way to 
obtain icsults correct to the second place of decimals. For example, 
su])i)ose in a test 10 c.c. of N/io iodine are used, and collect 500 c.c. of 
water, as tlie voluiiu!; then, with varying temperature Of the gas’results 
will be obtained ”i«rying in the second place—or even the first place. 

'I'hus, calculated to 0° C.— 

SOjj = 2’24 per cent. 

Calculated to 10" C.-- 

SO2 = 2*32 per cent. 

Calcuhited io 20“ C.— 

SOg = 2'-|o per cent. 

As no l('ni))eraturc corrections ani made, it will he seen that figures 
in the s<!cond jilace of decimals are meaningless. The error in reading 
the N'olume of water, is generally 5 c.c,, and one volume lower than 
500 cc, this error will manifest itself, making the figures even more 
inaccurate. With careful working, however, determinations correct to 
the first place can always be obtained. 

I'he valui? of any single test either for SO,j or oxygen depends upon 
the purpose for which the data are required. 

It lias been shown that the composition of the gas in various parts 
of the gas circuit, dejicnds iutcr alia iqum the time and method of 
charging the burners, and the activities of the two catalyst.s, it is obviously 
unsafe,. theri'fore, to draw any general conclusions from the results of 
analysis of any one samjilc of gas, unless the sairqile of gas has lieiui 
drawn continuously over a jieriod of :it least one hour. 

It has been found that the variations in the gas compositions recur ' 
hourly under nownial conditions, so that the data will deiiend upc/n the 
time they are taken. 

This is clearly showii by the results obtained when “ snap ” tests 
were em])loyed; morning and eviuiing t<‘sts invariably gave divergent 
results, and in spite of calculated coinersions of (jo ])or cent, and over, 
the plant did not turn out the amount required by this figure. 

(2) For data upon which statistics, efficiencies, &c., have to be 
founded, it is oln'ious that snap tests cannot be relied upon; a constant 
and continuous sample of gas must be drawn and analysed so that all 
fluctuations and variations in the working of the unit, are represented 
in the final result, h'or this purpose the gas is slojv’y asjnrated through 
an absorjttion bottle containing a known volume of standard caustic 
soda, and some hydrogen ])croxid(;: all acid gases. (SO^ and SO,,) are 
ab{;orbed' in this, the resulting sulphite being fjxidised to sulphate by 
the peroxide; the; nisidual, gas (oxygen and nitrogim) passes over into 
the asjjirator, which is graduated and provided| with a gauge glass; 
the test can thus' be allowed to run f(y a ,gpnsiderablc time—usually 
20-24 hours- -the cqf.itents of the botfle'arc then titrated with standard 
HjSO^ with methyl orangfe as indicator, an excess of alkali must always 
be present to ensure‘that only normal salts f n' ft)rmed. 
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The oxygen is estimated in tJffc residual gas in the aspirator, using 
an Orsat apparatus; by this method a total acidity.figure is obtamed, 
tint it has been shown that in normal working, the escape of SOg and 

11.. 5()j mist is so small as to be negligible, and the result can be calculated 
;,s‘S(*: in rases of bad absorption, the lost is stuppeeP until normal 
(•oiulitions again olitain. The ot:casiuns cm which tliis.measure has had 
(o he resorted to being vcTy rare. 

ComposilioH of burner f^ases. Attc'injJts to analyse the gases direct 
ii'oiti the burners by the iiudliods used for Hit: exit gases, i.c., by'estirnating 
till' S().j| in iodine or eaiistio soda either in an Orsat or by the Retell 
nu'lliod, led to failure, vctv low results being obtained in eveiiy case. 

The cliflirulties of the estimation are obvious; then?are no facilities 
ior obtaining a composite sum])le from all the burners; a sample can 
be taken from evt'ry three burners and two of these can be combined, 
HO that two separate and simultaneousdetcTininations must be iierformed 
lor each unit. The tt'iuperature of the gas may be anything from 
(loo " ('.*to 800' or e\'en higher, anti whatever gas eciuilibrium between* 

50., and SO;, there may be, will lie disturbed, so that ordinary (’stimations 

of these gases will not yield tlepetidable results. Mo useful purpose can 
Ite served therc'fore, by atlem])ting to gel reliable burner gas figures 
Irom a determination by the Reich method, or in an Orsat apparatus. 
,\ continuous test using caustic soda, a.nd aspirating the. gas vi'ry slowly, 
did, however, yic'lcl reasonalile tigures. A table ( 1 ) is appended showing 
(ht‘ burner gas figures obtained in a numbtir of these exjx'riments, and 
lor comparison, the figure's calculated from the e.vil gases ovi'r Ijie same 
penod. The formula used for calculating the burner gas from the exit 
;;iis?analyKis is * 

• . ’/ib.SoOd- 148(1 

• SOg per cent. • 100 _ 1,047(1 —^oofi/ 

where a — percentage SOg and percentage Og in the exit ga,ses. 

A series of determinations every fc'w minutes owr a period of an 
liour, using the Reich nu'thod were' also made, tests on the exit gases 
being performed simultaneou.sly. 'J'hese figures are given in lablc II., 
and show that, having regard to the experimental dilficulties, the 
agreement betw(’('n the calculati'd and experinu'iital figures is ciiute close. 

In all the' experimental work, conversions ami eflicic'ncies have 

alw'ays been derived by calculation.* ‘ . , 

(■('rtain of the forinuhe weri' woilo'd out on the assumption that the 
leaction taking jilat^in the burners is represi’iiled by the equation— 
4keSg + llOg = 'iln'gOg H- SS'Og. (l) 

It is know'll, however, that the stoichioniftric rt'lations given*by 
this eiiuation do jiot hold e.sactly in th(' diurners.^ Reliable data for 
the state &f combinition of the residual sulphur in the burnt ore is 
lacking, but there Is ('veS^ reason to believe that in a well-burnt ore, 
most of the,sulphur is juTseint as Jernms syl])liicfV, beS^, wiui a small 

' .Sff specialmethod ot ciilculatioTi, p. 47. > « 
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pjopol tioii as Fej,(6C)^)3. A tyjriral analysis is given in “ Lunge,” p. 446, 
showing 8-5 per cent, of th(; burnt ore as FeS = 3’i per cent, of sulphur. 


17 hours 

17 .. 

17 .. 

17 M 

17 .. 

17 M 

17 .. 

17 .. 
17 .. 

IJ .. 
20 ,, 
24 .. 
24 - 


Table 1. 

. ‘i 

Exfermental and derived burner gases. 




Per cent. SO, ill Uumer Gai. 

Time (if exjit. 


I' ound by expt. 

Calculated from exit 
gaacii. 


• • 

6-i 

5-h 


- 

.S-4 

5't> 

. 

- 

4-9 

5’5 

. 

- 

5'9 

5-6 

- 

- 

6-2 

.5-7 



4-(i 

5-2 



.■5-3 

5-5 

- 


6'i 

5'9 



.S'O 

5-.5 

- 



5-7 

- 

- 

6-4 

5-9 

- 

- 

.V.*) 

5-5 


- 

.S-4 

S‘.S 


Table IL 


71 ' 

HUS fujMl 
11.71(11' SlUlh. 


' I'.xit K'l.'' from | 
I sinit. 


nurner Giueii. 


N(i. 

' Time. 

so, 

pi'i trill.1 

0, 

jtri rrnl. 

S (>2 ' 

|(ri rrnl. 

1 

per (oill. 

1 

Cidciilalcd ' 
ft urn I 
(jxide exit, j 

CiilculuU'd 

trom 

plitinuni 

exit. 

Found, 

I 

XI..]!) u.m. 

j '4 

I 2 '.S 

'27 

ll'.J 


<>•4 

O-I 

2 

11,5(1 

.l-h 

13'0 

■?-3 

11 -0 

S '7 

()•() 

Ol 

,i 

12,0 md. 

.1-8 

12'0 

2-3 

11 -2 

<>■3 

( 1-4 

(.•7 

4 

12.10 

.i-t> 

XJ'O 

2-3 

10-4 

f>'3 

7.0 

6'6 

5 

12,20 

4-1 

12-2 

2-3 

lO'S 

(02' ■ 

()'4 

f>',S 

(1 

12.30 

J'ti 

12-.| 

2'1 

11-4 

()•! 

6 -3 

6-1 

7 

12.40 

.i '7 

I2-(i 

2'0 

ll'O 

()'0 ■ 

(>•1 

5-5 

• s 

12.50 

3-4 




At’.rfl'l 

Av.-()-5 

0 J 

II 

>■ i 

< ' 


The average .burner gas from both calculaiions is 6^3, and the 
average of that found as a result of 'the selffes^ of'single tests, Js 6-2, 
showing ,Uiat .a gom result can be obtained by averaging the figures 
from 4 series of snap tests. 
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.l('mpenituros sh()w*?(l iniiiimum values at cliarging time, and ^iiaximupi 
abyut an,hour afterwards, corresponding witluthe maixmuni obtained 
in the case of burner |[ascs. * 

The presBUKf system. —pressure of the gas in ttlu; different parts 
of the«circuit gives an jnclicatic^ hf the n^sistanec^s pff<;red to the passage 
of the gas. ‘The ordinary’ gla'Sjs man^imc'lei Ims been einwloved in every 
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Assuming then, that the burpt ore contains 5 jjer cent, of sulphur, 
as FeS, and that the burnt ore is 70 per cent, of the original green ore, 
which contains 47 per cent, of sulphur, then - ' . 

5 parts of sulphur in burnt ore is 3-5 i)er cent, of the 
• original ore, i.c. of the ,)7 parts of sulphur ia*4hc green ore, 
3*5 eventually remain as FtiS. 

3-5 parts of sulphur - ()-b ])arts FcS. •' ' . . 

Original ore contains 88 parts of h'eSj (assuming all'sulphur 
, present as FCS2): Iherefon', 88 parts FcS.^ buni, yielding C)‘5 parts 
FeS which is prorluc(Kl from 13 parts “of FeSa, the reniainijjg 
75 i)arts of FeSa burning to FtigO.,; so that w(! have, 88 jjarts of 
FeS.2 producing 50 parts of FojjOj. 9 '5 pjirts FeS and Sy parts SO*, 
The nearest simple cciuation r('presenling this r('ac‘,ib-' is— 

7FeS2 i 33fO ^ .U'e^O., -1- FeS -i 13SO.2 {2) 
or r4FeS2 35O2 • OFeaOa -| 2FcS i afiSOj (,)) 

The value of r' in formula (3) is in this ca.se = 1 •3.16, 

W'htTeas for the e<iuation (i)— 

4FeS2 + 11 O 2 - zFcatlj r SSOj 

it is 1 - 375 . 

With valu(-s of a" uiuler 3 • 0 the error caused by using the r alue i • 375 
is not ai)procial:)lo, but for values o\'er this, the error exceeds 1 })er cent. 
Tlu^ conversion tables are calculated witli value 1-375. 

, It has been found that the- maximum (dliciencies, consisU-nt with 
coiurm-rcial production, are ])rodu('<'d with a burner gas of about 
5-5 ])cr a-ent,; the ('thciency of the oxide catalyst depends primarily 
upon its concentration iind t(-m))erature; the only means of altering 
its concentration is to alter the coinjjosition of the burn^-r gas with respect 
to SOj. With a high burner gas, the concentration of catalyst is lowenxl. 
This can, of course, be controlled? l)ul the epK-stion of burin-r gas t(-mj}era- 
turo is not so easily dis])osed of, and as tht- burner gas tempt-niture 
det(!rmin('s the tc-mperatun- of tlu; oxide; shaft, it is a disadvantage 
liaving iKJ pyrometen- fittings in the oxiele shafts. Tlu-re can be no 
«|uestion that witfi tlu; present system of charging not only does the 
eoin])osition of the burm-r gas undergo widi- fluctuations but tliesi; 
fluctuations accom])any the tcmj)cratur(‘s of tla- gases (.-ntering the oxide 
slialls. High tcnij)eratures an- often n-aclicd in tfiis way. Fig. 7A 
shows the t(-m})er^ture \ ariations for a Jlt-rreschoff. The burner was 
efiarged with tlirc(^ho\eis every thn-e liours. The mean temjierature 
w-as well over 750 '. Fxcejd in two cast's (7 a.m. and lo a.m.), the 
temperatures showed miijimum values at charging timt', and /naximupi 
aliyut an,hour afterw'atds, corn-sponding w-itluthe rnaixmum obtainied 
in the case of burner gases. 

The prenurt system.— pressure of tue gas luami; different parts 
of thc*circ,uit gives an jnnicatiflh bf the resistances offered to the passage 
of tlie gas. ‘The 01 dinary glffts marvimeter Isis been emuioved m every 
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case, and robalt ni^r;i.tr solution has ibt'cn found the most satisfactory 
Iquicl for lillin.t’ tlio^ manoinettTs, as it resists the. action of SO2 and 
retain?; its deep ])ink colour for a. coiisiflerable time. 


In the following table is f>iveu the, reading for each manometer, 
being tlu! av(*ra|!:c of the readings taken every two days : • • 


Suction. 


t.iic.tt inn. 


Til ail (li ving Uiwi" - 

I'KIIII .. 

,, (ixiilc sliatl 
Tti alts, tower !. 

, „ Jl. 

,1 main fan 
,, ai'iil eatelies 
„ iilteis 
Leaving lilleis 
To abs. tower III. 

„ •„ .. IV - 

. V. ■ 


I.umji. 

IlurcvsuliutI, y 

i 

SiH'tiijii. j 

1 iVmure. 

Suction. 

1-8 


1 

I’K 


()*S 1 

1 1 - 

0-8 



0*2 

1 - 

0-6 


I'l 

1 

T-4 

— 

1-f.i 

i “ 

1-8 


'.i'O 


2 -i 



.I'l 

... 

>■7 


2-7 

- - 

g'j 1 

1 

2*2 

— 

1 

— 

11-0 

— 

(fii ! 

— 1 

(I'd 


'".t I 

1 

''•3 



Tliese jioinls liave bi'eii (ilolted on a grapli (Fig. 8), where the 
diriereiicc* lietweeii Iwo eonsceiitive manometer readings is taken as 
proportional,to the resistance of that part ol tiie intervening plant, 
c.g., the dilletvncc bclwccn the readings for tlx' oxide shafts and'tower i, 
i> ]iro])onional to Ihe resislanee of llie oxide coolers. The shaded areas 
sliow tlie relatix’e •icsislanee for all the important jxirts of the plant; 
the doited line shows the curve lor tlie Jlerrescholl unit. The propor- 
lioiialities aiv not ^e.xaei a<,, the |)osition witli ros])eet to the main fan 
determines to a si’uall extent the juessure or suction apart from iiny 
intoiveiiing resistanees. 

It will lie seen that the resistances of the absorjrtion towers are 
a]i])roximalely tlic same, and that tlie liighest resistances are encountered 
in the oxide and jilatinnin shafts (inciuding the adjaeent mains, &c.), 
the n'sistanee of tlx.' air di'ying lowers is also considerable. The amount 
for the oxide coolers is also large, but may be, accounted for by the 
amount of gas main to be iniversed, a factor which *»( included with the 
coolers Tlie same remark ajiplies to the platinum shaft, where the 
n'sista]ii:e offeivd by tlu’ superheater forewarmer, heat exhange, and 
jilatiiinm cooler lyc mcluded with the shaft itself. 

Ji\'er\’ manwjiii*'.;' has bei'ii read every two days, and a tabulated 
:md grajihie record ^epl, thus it is possible to see at a glance'when any 
, given manometer was steadily altering, i|ftlica*ctng a 'gradual change of 
resistance,, In Jliis w^y gradual chokes in fchc aciu catchers,, filters, and 
coolers lia\ c been det#cteci. 
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reTative resistances of the different parts of the plant. 















































































CONTROL OF PLANT »5 

The conversion ol SOg to 80 a. tThr conversion of to SO3 depends* 
upon the following factors :— 

(1) Concentration of catalyst. 

(2) T(:m]xTaturc. 

(j) Composition of tlic burner gas, 

(4) Quality or condition of Uie catalyst 

The concentration of the catalyst, or the (|uantity of the catalyst 
])(jr unit volume of pis is deteriniiK'd by the amount jmt iiTto the shaft 
and by the composition and s^ieed of the gas. I'p to the present-*A h! 
latter has been determined by tlu' sj)eed oi the main tap, which has 
been constant and at its maximum, and the various resistances only 
alterabh' within narrow limits. I'lie amount of oxide which cati be 
employed in the oxide shaft is also limited. The (|nantil\’ of platinum 
can be altered by changing the ([uantities dining the plaiinising process 
{vide infra). Uji to the present, it has had one part of |)lalinum per 
8 { parts S (as SO^) per hour, (iiillo ratio (i part I’t to 15 parts S). . 

The (]uestion of temperature Iun ((resented more dit'ticulties. In 
view of the natiiri' of the structure ;md i)ositi<(n of the oxide shaft, it 
is impossible to keep the whok' de|)th (d oxide at the correct temperature; 
the lower layers may be at too high a temperature, as tluse meet .the 
burner gas direct Irom the burner. Init there is m* evidence to show 
which zone of the catalyst is at tin* riHiuircfl tem|ieralure, since there 
are no facilities for taking a temperature in the oxide shaft. 

^ Ihe fact reci'iitly demonstrated that the drop|)ing a<id* tilling ' 
operations temjiorarily 1ow(t the activity (d the oxide may he due to 
a lowering of t('mperaturi>. • 

With regard to the tempiTature control in the jdatimim shaft, the 
((yrbmeters only tell the temperature of the gas •.•ntering the shaft. 
The temperature of the issuing gas is of no great imjiortance, because 
so long as the temjieratme Iclr maximum jonxcisioii with the sjieed 
ol gas is either not reached or exceeded in the gas lefixing the (Matinum, 
so long will the efheienev suffer. 

It has already been shown that to obtain tin* best results from the 
catalysts, thi'y must bo su])])lied with a ron>tant burner gas containing 
about 5*5 per cent, of SO^. The amount of oxygen that can be su|iplied 
to the burners cannot b(' increased b(’yond tlie maximum amount the 
main fan can draw, so that the higher thi' Sftj in the l)uriiet' gas, the 
lower the oxygei'.,The higher the cidn'eision in the oxide shaft, the 
lower the volume; of SO.^ going to the (dutiniim, and consixpiently the 
lower the exit, .fl'he ellicieney of (datinum falls with the decrease in 
SOj however, since lower comentrations of SO^ and oxyg'eii produce 
a»lower velocity of combination so that in profua tion less is converted. 

The condition the platinum catalyst d(*])('nds u])on the (datinising 
profcess, the purity of the' ga;!tjs,.and tin* length ol time It is in use. , 

^fetail,"; of the fdatinising proci'ss are.* gixcii* belovy, together with 
spme details of the Jife ,of .the mat. The loss *of activity is due in 
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{viactically cveiy ca^e to aiseiik poiswning, the arsenic being carried 
to the platinum in tlic a<‘id mist which the lilters fail to remove. 

Asbestos mats. —Many varieties of asbestos have been platinised with 
a view to findipg which variety was most suitable for carrying the 
sjxtngy platinum. 

Tliesc. might be rh,scribed under thn;e heads- 
(i) Blue asbestos. 

(i) \N'hit(! asbestos fibre supported by and wound round 
lengths of wire. 

(.j) \Miite asbestos. 

The chief dilliculty which has been encountered has been the 
disintegration caused by the action of the acid washes upon the asbestos 
libric In the cast; of the blue asbestos mentioned above, its solubility 
in 11(1 is only 13 per cent., and judged by this factor alone, it would 
seem ti* be a suitable substance for carrying tlie jilatimim. llnfortunately, 
oh heating, bine asbestos turns a reddish-brown colour and becomes 
\’eiy brittle, thus reiuhiring it unsuitable for the substance of ;i Mannheim 
mat. 

White ashexiits su ft ported by wire .—This tyjre of mat remained in 
good condition throughout the whole of the ])latinising process, but 
on being removed from tlie platinum shaft, the wires had gone (evidently 
converted to leiroiis sulphate) and the strands of aslx'stos having lost 
their supjiorts and not being stiong enough to support their own weight, 
crumbled to j)ieces on being remo\'ed from the element of which it ha'J 
formed a jtart. 

H 7 u'/c (isbeslos. - When platinising first ('ommenced the mats were 
made of asbestos I' lnl o| inch diameter, consisting ol 12 strands of 
libre. Tlu‘se mats turned out successlully and were not in the least 
brittle after passing through the jdatiiiisiug process. This stock of 
mats was lollowed iiy a .stock ol mats consisting of ;(> .strands of libre. 

1 hcse mats tell to pieces before even the |)latinising lu'occ'ss was tinished. 
it was suggested that this might have been due to the fact that a large 
jHTcentage of the magnesium in the mat had not been removed by the 
acid washes. .\ samide taken from one of these inh'rior mats showed 
(Hily the slightest (race ol magnesium, thus disproving that suggestion. 
The only oilier chemical cause lor the disintegration was the fact that 
these mat> weie (10 per cent, solubh' in hydrochloriile so that during the 
IK 1 wash, a large pena'iitage of the mat was remov<!^l and the skeleton 
remaining was not strong enough to stand any straiiyat all. But this 
solubility igiestion apjilies eciually to the asbestos used in the original 
matsrtor its solubility was per cent, and yet the mats wgro mo^t 
satisfactorx- alter platinising. ‘This seems to point ty the fact that it is 
only by a practiced ajiplication to the asbestos of th^ platinising process 
• that one may discox’er whii’h one \'ariety‘bf asbestos’ is most suitable 
lor platinising and tllat it ds the physicaf rather than thp chemical 
condition of the mat wiiich inlluences its contUtion after platinising. 



ASBESTOS CONTACT MATS , 87 

Analyses of mats before and after treatment* gave the following 
lesults:— 

Before Treatment. 

Blue asbestos. \^hile asbestos. 


SiO, 

5 .Vn' 

Sit), 


FeO 

17 '<■»<> 

FeO 

9 -(»i 

Fe, 0 , 

10-81 

MgO 

39'ht 

Na,0 

7-10 

11,0 

12-20 

Sol. in HCl 


Sol. ill IICl 

*39-42 

„ H.SO, 

I.0SS on ignition 

,V80 

1-O.S 

„ 11 ,SO. 

SS’i'f) 

Blue asbestos. 

After Treatment. 

Vyiiite asbestos. 

SiO, 

■ 

M'7" 

Si( 

70 •.‘53 

I'VO 


!'’(•() 

4'3.3 

Fo,(), 


I't-jt), 

.(•72 

Na,() 

.‘>•41 

M /-0 

13-49 

Sol. in TK'l 


H.,() 


.. H.S()4 

7M7 

Sol. in ilCl 

•2.3 •74 

Later dclivc'ric's of 

asbestos mats havt 

■ consisted i 

if mats of a various 


number of strands (32, id, 38), .\ll these mats have stood the ]»latin>sing 
process well, and from this, it seems that the number ol strands of libre 
which make up the asbestos t'orrl is immaterial but that the physiea 
quality of the asbestos is all that matters. 

. Method of plotinisiiii.’. Forty litres of pure distilled Vater an 
placed in an enainelh'd bath. To this is added 1 litre of Na./'(.)., solutioi 
(containing 2 H*' Na^f (1;,). d’he whole is heated to boifing point bj 
steam at about 20 lb. j)ressure, and an iisbestos mat is tlu'ii jdaeed ii 
the bath as soon as the li(]nid boils vigorously. One litie of IlCOONi 
sol. (containing l lb. llCOONa (pure) per litre) is added. Th(' liquir 
is again brouglit to boiling ])oifif an<l qoo e.ii. of 10 per cent. sol 

(previously made alkaline with Maj,(' 0 ., sol.) are pouretl in slo\My. Tin 
mat is moved up and flown through the solution threi' or four timei 
and then a cover is placed on the bath ainl the li(pii<l allowed to boi 
for a quarter of an hour. The mat is then reversed and a fiirtluT 200 cc 
of Ptt'l^ sol. added and the solution is then ki'pt at boiling point til 
the whole of the platinum is deposited on tlu* mat.^and the liipiid clear 
eompletely. The mat is then remoxed and placed in another enamellef 
bath containingxdjsf'lled water, until 10 mats are comjileted. Afte 
four or five hours,’the water is run oil and n'])laeefl by a to per cent 
sulphuric acid wash at a temjx'rature of 35 |o C, This first acid wasl 
should last about 18 hours, and is followed by a second 10 per cent 
swlphuric acid wash also lasting 18 hours *dt the same t(!mj)er*ature 
The acitj treatmer# is tluai followed by two hot-water washings cad 
lasting 10-12 hours, w^ych j'cmove the soluble sulfihaies formed durin 
the sulphuric acicl tryatment.’ * 

The mats are then' pldced of), wooden* racks to drain Mid dry in 
Current' of air. AfJi^r *jl»ying they are readt' to be mounted fo 
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HakinK in the platinum sliafl. This haking should last live or six hours. 
After baking the cle'iienl is dismantled and the mats put into pure 
distilhrd water and are lelt there until tlu'V are <|uite pliable; after 
whieh they are given a 5 |)ei cent, hut hydruehloric treatment (.|5'" C.) 
ul at least jj hours. 

After this hdlcw two hot water washings each lasting six hours, 
;md, lihally, on ' cold w'ater wash lasting about the .same time. 

The mats are then diained on racks ;uid sprinkled with cold 
distilled watt''!’ until the watei draining from the m.'its shows nc» trace 
of.- hloride fir siili)h;ile. It is important to test the distilled water 
etinlinnally, lor the presence ol any impiirit\' alleets the deposition 
and the adherenci ol the platinum bla<k on the iisbeslos. It is also 
essential to keep the liipiid np to boiling point tlii'onghoiil the whole of 
the platinising process, 

Ri'-hi'dtincnl rcinnviil nf utsciiii. Alter an element is removed 
liom till' pl.'uit samples from the third and sixth mats an' taken and 
the jH'rcelltage ol .\s tleteimined. The nials are then given a 5 ])er cent, 
hydroi hlorie acid wash at (10 ( . loi six hours. They are then washed 
twice in hot watei and linalK' drained and spiayed with distilled water 
till the water issuing Inun the mats shows no trace ol sulphate or 
( hloride. 'I'lie mats are tlii'ii diied and samples again taken to determine 
the As in the retreated mat. 

Heat balance.- -On the .section on which e.\])eriiiiental work with 
the burners was carried out, ariangemeiils were made for a number of 
s])eeiid observations to be recorded, more ])arlicul:irly with regard to 
temjieratiires al dilTerent points in the g:is eircniatioli. 

In addition to the ordinary eontiniioiis records ol superheater 
teinperatiires, eompositioii ol exit gtises, eoinersion, i.S:c., continuous 
I'eadiiigs weie l,(kei'. ol the teinjieratnre ol gases entering forewarmers 
liom oxide shalts, leasing loiewainier lor oxide eoolei Nos. 1 and 2 , 
leaving oxide (oolers Xos. r and entering heat exhangers from lillers, 
leaving heal exchaiigeis for forewariiiers, leaving I'oiewtinners for super- 
healeis, le.iving pkitiinim shtifls lor heal excluingeis, tmd leaving heat 
exclitnigers for ]il;ilinnm coolers. Special holes tind tubes toi pyrometers 
were introduced where retinired. 

Working data lor the peiiod .March .md to .\prii 2otii, litl8, are 
shown in the ;u eoinpaiiving gra|)hs (big. .Sa). 

The aveitige dtitii lor the various teiniter.aluies tuid gas coiii]>ositions 
loi the period Mitrch and to .Ajiril .md, .are nitide use of i/e hetil ciilciilalion. 
In the case ol gas conijxisitioiis and conversions, hourly tests were 
carried out ov ei the whole ol the )ieriod, and in the case of femiMTatlires, 
these were idlher eontinuously recorded, or read hourly, 

I’yrites burnt jiei j,| hours, 3-() tons, 

Siiljihui (onteiit of luiint ore. 5 jut ci'iit. 

Coke burnt in superheater jH'i' 2.J Jioyrs (valorili.' value taken’ as 
(),i)oo), 1 •() tons. _ ^ . 

MoisttiCe ill tiir ent^ering burners, o-jo grams per cub. metre., 

F.unier gas, .V4 jut cent. SOj, 13-7 per Ceit. (\ (by vol.). 
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HEAT BALANCE 


Sq 

Exit gas, f)-7 per cent. SOj.•ii-4 per rent. Oj (ky vol,), 

Oxide conversion, 40 per cent. , 

Total conversion, 88-i per rent. 

Teinjx'raturc of gas k‘a\‘ing oxide sliaftsfor forewaviiieis - 310* C. 
'Temperature of gas leiiving iorewarmers for Nos. l and J 
oxid(' coolers ■ - - ^ ^ 

Temperatun; of gas leaving Nos, 1 and 2 oxide coolers* for • 

No. 3 oxide coolers - . . . . C. 

T<'mperature of gas leaving No. 3 oxide cooler for No.*i 
absorj)tion tower - . . . 65° ^ 

Temperature of gas leaving fillers for heat I'xcliangers . 15“ C. 

Temperature of gas li'aving heat exchangers f()r fore- 
vvannors - - - - ’ - - 240-’ C. 

Temperature of gas l,'a\ ing lon'warniers for su])erh('at>;rs 370" (’. 
Tempei'uture of gas lea\iug MiiM'ihealers lor platinum 
shafts - ..... 478“ C. 

Temperature ol gas leaving ])la,timim shafts for heal 
e.xchangers ...... c.* 

Temperature of gas leax'ing heat exchanger for platinum 
coolers 230'"’ C. 

Temperalun‘ td gas leaving plalimim cooler for No. 

absorption towejs ..... (7, 


OHu'r (tula iiscil. fal. })er Kg, 


Specilic heat at constant ])ressure of 0 .J - - - o-2l58 

Sp.'cific heat at constant pressure of No - " - 0'245() 

Specific heat at cijnstant jtressnre ol S(k - - - o-i^d..] 

SjH'cilic heat at constant ])ressnre (gas) of SO., s- - ((•24 

Specific heat of burnt ])\rites - - O’j 


Calorilie calne of pvrites Cal, |)er Kg. snlplinr burnt. 

(Soinemu'ier, ./. Amey. Chcm. Sue., 1(114, i(>, 555.) 

It has lieeii assumed that all sniidnir in the pyrites is piTsc'iit in 
the form of l'('S., (as tlu' ore contains ..|7 per ('(-nt. S, it is therefore assumed 
to consist of 88’'I jut cent. I'eSj); also that sulphur in the residues is 
))resent as I'eS; furtlier lliat the reaction in the buriuns is according 
to the e(|Uatiou 

• lI'VS.j i n(\ - ^I'e/);, : HSOg. 

In addifiou, tlx' weight of the burnt ore r(sidu(' is tak('n to be 
75 ))er cent, of th" weight of unimrnt ])yrit(S. 

* In llii' cnM' ol llii'. Kcciion Ifii' pvioiiiftiT txli'nilcif iifong the insiilo of tl.r pipe 
l?iieiiiK tile iilntininii sli:ill, In (he eiise of iinollei section ninnint; (furinK the jieruxi 
over which these ol’ it. .Uions eNteiicl, iiinlei |)ieci-.ely siniiliir coinlitioim, the ])yrniiie(er 
cxtciiileil sttihyht ill ox’i'c th'.' toiiniict element ol ])l;itini/eil .mlieito'i, mid tliis «howi‘d 
a mean lemiKTatuie ot s'lo" t • • 

Tfii'ie is no ifoulit fiiit (liat iTl the test ease the t(TU]ier.i(uie in tfie top of tfie siiafl 
ilseif wa^ aiiniit 5(iri" I.'., and tliat the fovver temperature (if,the gas in the pijie feaving 
tne shaft was due to leaking of heat a'ong that section of pipe, 
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Burner gas contains 5*4 per cent. SOj and 13*7 per cent. 0 « 
0.- 9 per cent. Ng', 

S burnt per 24 lioup = (5-6 x - 47 ) - (. 5-6 X -75 x -05) x 2240. 
= 5.425 lb. S. 

= 10,850 lb. SOg. 

. . 358 X id>':j 5 o 

= 60,700 cu. ft. SO2 at N.T.P. 


64 

6(c,7oo X 2,885 


= 64,100 ru. ft. SOg at 15-5. 


Nitrogen entering burners— 

80'9 X 6..], 100 

— — = 96 o ,( 


’ = 960,000 cu. ft. Ng at 15-5. 

= 908,600 cu. ft. Ng'at NTP. 

Air entering burners per 24 hours (Ng 79-3 per cent.)- 
100 X 960,000 

79‘3 ~ 1,211,000 cu. ft. air ar I5'5. 

Vol. gas leaving (N^ 86-9 per cent.)— 

79-3 X 1,211,000 

86-9 ~ ^A05,ooo cu. ft. gas at 15-5. 

Vol. of Og- - 

13-7 X 60,700 

- == 154.000 cu. ft. O2 at NTP. 

Weight of O2— 

32 X 154,000 

“ ' 3'58-'' ■ ^8.760 lb. Og. 

Weight of N2— 

28 X 908,600 

— -^ 71,000 lb. Nj. 

Thus leaving burners per 24 hours— 

SOg = 10,850 lb. 

Oo = 13,760 lb. 

Ng = 71,000 lb. 

Forty per cent, of SOg is converted in oxide shafts (including 
conversion in burners themselves, by action of brickwork &c) so 
leaving oxide shafts per 24 hours are— ’ 

6,510 lb. SO, 

5,430 lb. so; 

12,610 lb. Og 

, ' 71,000 lb. Ng 

The SO3 is absorbed in tpwers i and 2, so gases passing from filters 
through heat exchangers, forewarmers and superheaters to'platinum 
^ shafts per 24 houVs are • ,.**,• ' 

, 6,510 lb. S 0 ‘,, 

12,610 lb. Og " 

71,000 lb. 



HEAT BALANCE 

Over all conversion is 88 • i p*er cent.; gases leafing platinum shafts* 
per 24 hours are :— 

1,290 lb. SOg 
6,520 lb. SO3 
11,320 lb. Og 
71,000 lb. Ng 

These figures are utilised in the following calculations. 

a (Note.— Any SOg dissolved in circulating acids, and SOj condensing 
in coolers, is neglected.) , .• 

It is assumed that the average atmospheric temperature is 15° C., 
and for the purpose of these calculations 15° C. is taKen as the zero of 
temperature. 

Heat balance. 

Heat generated in C.H.U. Heat given up in C.H.U. 

per 24 hours. per 24 hours. 

By combustion of In Nos. 1 and 2 oxide 

pyrites - - - 15,800,000 coolers - - - 4,619,700 

By conversion in In No. 3. oxide cooler 2,113,000 

oxide shafts - - 1,529,000 InNos. Iand2absorp- 

*By conversion in tion towers acid 

platinum shafts - 1,839,000 catchers and filters 1,122,300 

By superheater - - 29,380,000 In platinum cooler - ^,240,370 

In Nos. 3, 4 and 5 
absorption towers’ 
and in exit gases - 1,404,330 

In oxide removed 
from burners and . 

oxide shafts - - 72,170 

In moisture ’ intro¬ 
duced in oxide - 3,605 

In moisture intro¬ 
duced in pyrites - 8,500 

In radiation from heat 
exchangers - - 656,300 

In radiation from 
superheaters and in 
waste gases from 
superheater stacks- 27,099,200 
In radiation from • 
burners and oxide • 
shafts - - - 8,547,000 

* » ■ 
'48,54’3,(1oo Total - - 48,886,475* 

^ * ^*[^*^**» 

- . 33 . 8.475 


Total - 


Excess 
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Calculations 

I.— Combustion of pyrites. 

5-6 tons per day containing 47 per cent. S, residue 75 per cent, 
weight of the unburnt ore, containing 5 per cent. S. Calorific value, 
2,915 C.H.U. per burnt. 

Heat generated ‘ 

= 5-6 X 2240 X 0-47 X 2915 - 5-6 X 2240 X 0‘05 X 2915. 

= 17,170,000 ~ 1,370,000 C.H.U. per 24 hours. 

= 15,800,000 C.H.U. 

II .—Conversion in oxide shafts. 

SO2 + 0 — SO3 gas + 22,600 cal. 

U . . , 5,413X22,600 ' 

Heat generated ^ 8o~~~ ~ 1,529,000 C.H.U. 

111 . — Conversion in platinum shafts. 

U i. .,1 6,514 X 22,600 _ ^ TT TT 

Heat generated - — • ■ -=-1,839,000 C.H.U. 


108°. 


\y .Superheaters. 

Gas enters superheaters at 370“ and leaves at 478°. Temp, diff.. 


Heat taken up Ng, 71,000 x 108 x 0-2459 = 

SO2, 6,510 X 108 X 0-1544 = 

Oj, 12,610 X 108 X 0-2158 = 


1,885,000 C.H.U. 
108,600 „ 

293,800 „ 


2,287,400 

29,380.000 


Superheaters burn i • 9 tons of coke per 
24 hours (cal value, 6,900). 

Heat su])plied, 1-9 x 2,240 X 6,90(' - = 

> 2287 

Efficiency of superheaters — .,,,., 0 = 7-8 per cent. 

Loss in gases leaving superheater stacks and 
in radiation - - - - = 27,092,600 


V .—Oxide coolers. 


The “ oxide ” coolers are so called because they cool the gas from 
the oxide shafts. 

Gases leave forewarmer chambers at 365" ancT leave Nos. i and 2 
coolers at 159" and No. 3 cooler at 65°. 

Total heat in gases leaving forewarmer— , 


502 6,510x350x0-1544 

503 5,430 X 350 X 0-24 
Oj 12,610 X 350 X 0-2158 
N2 71,000 X 350 X 0-2459 


- = 351.800 C.H.U. 

- =J- 456,000 „ 

= 952,200 

- ,= 6,110,000 




Total ‘ 


7,870,000 
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Total heat removed by Nos. i 
365 - 159 = 206°. 

SOj 6,510 X 206 X 0*1544 
SOj 5,430 X 206 X 0*24 - 
O2' 12,610 X 206 X 0*2158 
Nj 71,000 X 206 X 0*2459 

Total 


and 2 coolys. Temp, diff., 

- = f 207,100 C.H.U. 

- ^ 268,300 „ 

- = 5tk),8oo „ 

- =,- 3.598.000 „ • 


4,634,200 


. 4,634,200 X 100 „ 

Efficiency of coolers i and 2, — ^ ^0 000— — 5^'9 oent, 

Heat transference, 500 C.H.U. per square foot per hour. 

Surface of one cooler = 192 square feet. 

Total heat removed by No. 3 cooler. Temp, diff., 159 — 65 = 94°. 


SO2 6,510 X 94 X 0*1544 
’ SO3 5,430 X 94 X 0*24 
O2 12,610 X 94 X 0*2158 
N2 71,000 X 94 X 0*2459 


94,500 C.H.U. 
122,600 
255.800 „ 

1,641,000 


Total 


2,113,900 „ 


, VT , 100 X 2,113,900 ^ 

Efficiency of No. 3 cooler, = ^ 5-3 

» 

Heat transference = 459 C.H.U. per square foot per hour. 

The remaining (7,870,000 - 4,634,200 — 2,113,900) 1,121,900 

C.H.U. are lost in the absorption and filter system, the average tempera¬ 
ture <af the gas leaving the filters being 15°. 

Note —No account is taken of certain other factors entering into 
heat reaction in the coolers, such as condensation of steam, heat of 
combination of SO3 and HjO and heat of dilution of HjSO^ so formed, 
which are considered small enough to be negligible. 


VI .—Heat exchangers and forewarmers. 

The cold unconverted gases enter the heat exchangers at 15° and 
leave at 240°. The hot gases from the converters leave the converters 
at 480° and leave tiic heat exchangers at 230°. 




Heat taken up by cold gases. 

SO2 6,510 X 225 X 0*1544 ■ ■’ 

O2 12,610x225x0*2158 - ‘ - 

N2 71.000 X 22^ X .0*2459 
. '’i* • 

, Total • ^ - 


226,200 C.H.U. 
612,600 „ 

3,928,000 „ 


4,766,500 „ 


t um 


I 
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Heat given up,by hot gases. 


SOj 1,290 x ,25o X 0-1544 
'SOj 6,520 X '250 X 0-24 - 
Oj 11,320 X 250 X 0-2158 
Nj 71,000 X 250 X 0-2459 

I TotalV 


- = 49,810 C.H.U 

- = 391.200 „ 

- = 611,000 „ 

- = 4,364,000 „ 


5,416,010 


Efficiency, 


4,766,800 X 100 
5,416,010 


= 87-9 per cent. 


Heat transference = 400 C.H.U. per square foot surface per hour. 
Heat lost by radiation from pipes between converters and heat 
exchangers and from surface of heat exchangers = 5,416,010 — 4,766,80c 
= 649,200, or 105 C.H.U. per square foot per hour. 

Foreuiarmers. —Cold gases enter forewarmers at 240° and leave at 
370°. Hot gases enter forewarmers at 510° and leave at 365°. 

Heat taken up by cold gases. Temp, diff., 130°. 

SOj 6,510 X 130 X 0-1544 - - = 130,700 C.H.U, 

0 , 12,610 X 130 X 0-2158 - - ==: 353,700 „ 

Na 71,000 X 130 X 0-2459 - * = 2,270,000 „ 


Total 


2,754,400 „ 


Heat given up by hot gases. Temp. diff. = 145°— 

502 6,510 X 145 X 0-1544 - - = 

503 5.430 X 145 X 0-24 - - = 

O2 12,610 X 145 X 0-2158 - - = 

Na 71,000 X 145 X 0-2459 - - = 


145.700 C.H.U. 

189,100 „ 

394.700 ,. 

2,531,000 „ 


Total 


3,260,500 


• 2,754,400 X 100 

Efficiency, ~ = 84-5 per cent. 

Heat transference, 135 C.H.U. per square foot per hour. 


VII .—Platinum cooler. 


The " platinuKn ” cooler is so called because it cools the gases from 
the platinum shaft. 

Gases leave heat exchangers at 230°. Temp. diff. = 230 — 15 
= 215°. Total heat in gases leaving heat exchangers— 


^ SOg ‘1,290 X 215 X 0-1544 
SOg 6,520 X 215 >^'0-^4 - 
Og 11,320 X 215 X 0-2158 
Ng 71,000'X 215 X 0-2459 


= 42,820 C.H.U. 

- = 336,600 ,i' 

- ■ 525.‘200 „ 

= 3,751.000 ' „ 


‘ Total 


4,655,620 
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Heat removed in cooler. Temp, diff., 230 — 80 = ijo®. 


SO* 1,290 X 150 X O' 1544 
SOj 6,520 X 150 X 0-24 - 
Oj 11,320 X 150 X 0*2158 
Nj 71,000 X 150 X 0*2459 

Total 


- == 29,900 C.H.U. 

- =a 234,800 * „ 

- »= ,357.300 

- = 2!6i9,ooo „ 

- T 3.24i.ooJ> .. 


Efficiency, 


3,241,000 X 100 


= 69*6 per cent. 


4,655,600 

Heat transference, 704 C.H.U. per sqare foot per hour. ^ 

The remaining 1,414,620 C.H.U. leaving the " platinum cooler 
is lost in No. 3, 4, and 5 absorption towers and in exit gases. 


VlII .—Oxide removed. 

Eight hundred and ninety-six lb. are dropped from the four oxide 
shafts«per 24 hours, also 5*6 x 0*75 tons oxide are dropped from burner 
hoppers per 24 hours. This is assumed to leave burners at an average 
temperature of 50° C. and the specific heat of oxide is taken as 0*2. 
Then heat removed per 24 hours = 5 '^ X °‘75 x 2,240 x o*2 X 35 
+ 896 X 35 X 0-2 = 65,900 + 6,270 
= 72,170 C.H.U. 

• IX.— Moisture. 


Moisture in air entering burners 

= 0*3 gram per c. metre 

0*3 


453-6 X 35-315 
0*3 X 1,211,0 00 

453 - 6 'X 35-315 


lb. per cubic foot, 
lb. per 24 hours.* 


Taking specific heat of wat^r vapour as c * 46. This vapour leaves 

oxide shafts at 365° C. 

0-3 X 1,211,000 X 350 X 0*46 
Heat removed =.-^^3*6 X 35-315 

= 3,605 C.H.U, per 24 hours. 

Moisture introduced in oxide (into oxide shafts) which contains 

o*o8 per cent. H2O 

. = 896 X o-ooo8 per 24 hours 

i 0*72 lb. 

Moisture introduced in p5n‘ites (0*085 per cent. HgO) 

= 5*6 X 2,240 X 0*00085 lb. per 24 hours 
= 10*66 lb. • 

.'. Total water introduced in oxide ^d pjnites per 24 hours 
*. =11*38 lb.**ente!ing at 15“ C. leaving at 365® C. 

Heat ffmoved = 11*4 ^ 85 -|*.ii *4 X 5 ^ ^ 

^ aito ^.6 .,i 40 -f 1,390 C.H.U.*= 8,500 C.H.y. . 
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X.—Radiatiov. 

An allowance fCr radiation from surfaces of burners, oxide shafts, 
and forewarmers exposed to the air can be made only very approximately. 
The walls are iiJf brick, coated in places with a layer of Kieselguh^, the 
whole covered with ^teel plate. 

The lemperatun varies considerably on the outside, from 105° C. 
outside the lower door of platinum shaft through 85° C. to 55° C. near 
top of oxide shafts. Inside, too, the temperature varies from place to 
place. (The temperatures at different depths in the oxide shaft are 
shown in Fi;^. 8 b.) 

It has been assumed that the average temperature inside is 500® C., 
and the a\'CTage temperature outside is 60" C., further, that transfer of 
heat takes place much as it would were the medium separating the 
inside from the outside a 15 inch brick wall. 

According to Kent, under these conditions, the flow of heat through 
the wall would be 0-3 C.K.U. per square foot per hour per degree 
difference of temperature, i.e., loss of heat between 500® C. and 60° C. 
would be 132 C.H.U. per square foot per hour. 

Total surface of burners, oxide shafts, &c. (including hoppers in 
cellars) exposed to air in one section — 2,694 square feet. 

.'. Total loss of heat per 24 hours = 132 x 2,694 x 24 C.H.U. 
= 8,547,000 C.H.U. 

Conchtsions .—Heat losses in the heat exchangers and from burners 
and oxid^e shafts are not excessive under the circumstances, being 105 
and 132 C.H.U. per square foot per hour respectively. The greatest 
loss of heat.,occurs in the superheater; it would be possible to diminish 
this somewhat by lagging the superheater, but it is very questionable 
whether the saving of heat would repay the cost of installation. 

It is most striking that the heat taken up by the gases passing through 
the superheater pipes is only 2,280,000 C.H.U. per 24 hours, whereas 
the gases leaving, the forewarmer chamber carry with them 7,855,000 
C.H.U. per 24 hours, and those leaving the heat exchangers carry 
4,644,700 C.H.U. per 24 hours, all of which is waste heat, to be dissipated 
in the coolers, absorption towers, &c. 

If little over 18 per cent, of this waste heat could be imparted to 
the purified gases before entering the platinum shaft, it would be 
possible to do away with superheaters altogether and to run regenera- 
tively. It is true that the temperature to which it is desired to bring 
the gases (480° C.) is very near the temperature above the topmost 
element in the platinum shaft (500° C.), and no doubt, in the existing 
plant, suitable alterations would be so difficult and costly that the 
attempt Would not be feasible, but if the design were altered in some 
way such that the entering, gases could be passed round and between 
the platinum elements, with an arrangement foi by-passing, so that 
the quantity brou|;ht in contact with the phtinum chamber could be 
varied at will, there is little doubt that not only could more waste heat 
be utilisea, but also that a new factor for controlling the temperature of 
the platinum shaft would be introduce,. wlifch would be ‘ easier" to 
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operate and much more rapid ih effect than a superheater fire, with the 
probable result of marked impro’^ement to conversicta. 

If the Fig. 8 b showing oxide shaft temperatures be glance^ at, it 
will be seen that half way down the oxide shaft*temperatures in the 
neighbourhood of 700° C. are obtained; if a Iportion, of the purified 
gases were arranged to pass through pipes well down in fhe oxide shafts, 
it should be readily possible to raise the mean temperature of.the^ gases 
entering the platinum shaft to the desired point.* Possibly it*would be 
easier to run regeneratively if more pyrites was burnt per 24 hours. 
(Accounts have been heard of other plants which burn to 10 and 
12 tons per 24 hours, but hitherto attempts to increase the anjowit 
burnt to any extent by speeding up the main fan, have hpen singularly 
unsuccessful.) * 

As has been pointc'-d out, the ratio of SO^ to platinum on the Mannheim 
plant is a very high one.* With mats each carrying 24 grains platinum 
(1,440 grams or 3-17 lb. to the section) and a gas which carries 6,500 lb. 
SO2 through the platinum shafts per 24 hours, the ratio of SOj per hour 
to pl&tinum is 85 to i. 

This is about the maximum figure at which the Mannheim plant, 
as at present designed, can be run, and the optimum temperature would 
appear to be in the neighbourhood of 500“ C. 

There would seem to be good reason for increasing the proportion 
of platinum in the Mannheim unit, both to secure a higher maximum 
• conversion, and a lower optimum temperature, when without doubt ^ 
the plant, with some alterations, could be run regeneratively. It is 
highly desirable that a converter be arranged to cany th^ platinum, 
ih some form other than platinized asbestos. 

The unsatisfactory nature of the asbestos mat has been referred to 
as well as the great waste involved in the re-treating process. 

t The experience gained in the Mannheim and Grillo plants using 
asbestos mats and granulated magne.sium sulphat<? respectively as the 
carrier of the platinum showed great advantage in favour of magnesium 
sulphate and in ease and economy when flic contact mass had to be 
retreated. 


Method for calculating the percentage conversion and the 

PERCENTAGE COMPOSITION OF THE BURNER GASES FROM THE PER¬ 
CENTAGE OF OXYGEN AND OF SULPHUR DIOXIDE IN THE GASES 
AFTER ABSORPTION OF THE SULPHUR TRIOXIDE 

In the Mannheim plant the use of the method employed in the 
Grillo plant for determining the percentage of conversion of SOg into 
SO3 is open to the objection that it is very difficult to obtain ,a fair 
Sample‘of the burner gas entering the, feme oxide converter. This 
difficulty is avdid^ld in the following alternative method of deducing 
thff percentage of conWrsien ,and also the percentage of SO.g in the 
burner gas, from a •determination of the jierceij^age of SOj and Oj in 
the gasgs*feaving the cpnyerter. • * 



38 


lHANNHEIM PROCESS 


( In applying tlijs method the percentage of SOg in the gases leaving 
the converter may be determined as usual by Reich’s method. To 
determine the percejitage of oxygen a portion of the gas leaving the 
converter is freed from SOj and SO3 by passing it through some suitable 
reagent such iodine'and caustic soda, and the percentage of o:^ygen 

is determined in the residual gas. This percentage after correction to 
the dry state and for\iemperature and pressure if necessary, is multiplied 
by (loo-'per cent. SOj) when the i)ercentage of oxygen in the gases 
coo 

leaving the converter is obtained. In both cases the presence of ^Oj 
in the original gas is ignored, as the SO3 is liquified at once in contact 
with water v'apow and does not affect the measured volume. 

In the following study formula; are developed for calculating the 
percentage conversion of sul])hur dioxide to sulphur trioxide from the 
amount of oxygiai and sulphur dioxide found in' the exit gases from the 
Mannheim plant. 

As far as is known these formulfe have never been worked ouf fully 
before. The method is used on this plant and seems to be the only 
successful technical method of getting the conversion over a period. 
The accuracy ol the method of course depends on how nearly the equation 
4FeS3 d- iiOg =- 2Fe203 + SSO^ expresses the reaction taking place in 
the burners. There seems to be no data on this point, but it is at least 
certain that the method of determining the conversion is as accurate as 
any other that has been tried at Queen’s Ferry. 

These formuhe enable the percentage conversion of SOj to SO3 and 
the peredntage of oxygen and SO2 in the burner gas to be calculated 
from an analysis of the exit gases. 

In the case of sulphur being burnt to supply SOg the formuicE given 
would be exact if tlu; sulphur were pure; this is very nearly approxi¬ 
mated to, usually, as the sulphur burnt does not contain lAuch 
combustible impurity and incombustible impurities do not matter. 

In the case of pyrites the formula would be rigidly true if the 
pyrites ^cre pure FeSg and burnt to Fe203 only. Pena pyrites is fairly 
pure, so inaccuracies due to impurities are small, but there remain those 
due to (i) FeS, FcgO^ and, perhaps, FeO; and (2) FeSOj, being in the 
cinders, (i) and (2) to some extent compensate one another, but (2) 
always seems to preponderate so that actually it requires more oxygen 
to produce i vol. SO2 than is given by the equation 4FeS2 + iiOj 
= 2Fe203 -j ■ 8SO2. 

There is no data available regarding the actual rtelation of oxygen 
to SOj, but it is believed that the formula given is not far wrong. The 
tables have been calculated on this formula. If ” r” be greater than 
I • 37,5 the "conversion and the SOj given by the tables will be greater 
than the true values. The formula may, of course, be used to determine 
the conversion in the oxide shaft on the MannljeiAi plant, the gas 
analysed being, in this case, that leaving^ thft filters. - 

All formula assume complete absorption,of SOg.* Except in abnormal 
cases this is so nearly the case as to mkke the eijror due to it inappreciable. 
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Conader loo vols. of air pas^g into the bumer|:— 

Let r = vol. oxygen used up in the production of i vol. SO,. 
„ x = vol. SO, in gas passing from the tfumers. • 

„ y = vol. SO, converted into SO,, j 
„ « = percentage SO, in gas analysed 
„ b — percentage 0, in gas analysed. 

Then percentage conversion = loo yjx. 

In the Burner Gases :— 


Vol. 0 , used up 
Vol. 0 , remaining - 
Vol. of O, fixed as Fe, 0 . 
Total vol. of gases - 


= T^, 

= 21 — rx. 

= rx X ^ X {r — 
= 100 — X {r — i). 


Percentage SO, in burner gas 
Percentage 0 , in burner gas - 


100 a; 


100 — X {r — i)' 
100 (21 — rx) 


100 — X {r — i) 
After conversion and absorption of the SO, we have— 


SO, converted and absorbed - =y. 

Since i vol. of SO, requires | vol. of O, to convert it into SO,, 
the additional 0, used up - = yjz. . 

.•. Vol. 0, remaining - - = 2 i — rx — y/2. 

.•. SO, remaining - - - = * — y. 

Since 2 vols. of SO, combine with i vol. of 0 , to form 2 vols. of S 0 „ 
the total vol. of gases - - =ioo — x{r — i) --'sy/z. 

_ 100 (* —y) f, _ 100 (21 — rx — y/z) 

100 —X (r - i) — 3y/2 100 — x{r-i)- 3y/2 

, From these equations we obtain :— 

2x{ar — « ^ • loo) + y (33 — 200) = 200a 
ax(br — b — ioOf),+ y (36 — 100) = 2006 — 4,200 

Eliminating y * * 

200a (36 — 100) — (zoof> — 4,200) {la — 200) 

* ~ ^ar — a + 100) (36 — 100) — 2 {br — b — loor) (3« — 200) 
4,200 + 37« — Z006 
“ (100 — a — 6) (i + zr) 




Eliminating x 

_ 200a, (br — b — loor) — (2006 — 4»2oo) (ar — a -{■ 100) 

^ ~ ( 3 «i — zoo) (br — b — lOOr) — (36 — 100) (ar — a + 100) 

— 4.zdb — 2q. (21 + 79 ') ~ zoo& , 

(100 — « — 6) (i + zr) ♦ • 

^ , , . V _ !„^M,200-2e*(2I+79r)-2006^ 

Percentage conversion = 100 - - 4,200 H-37a - 2006 } 

79a (I + 2r) n 
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Percentage SO2 in burner gas 


looa; 


100 


[ 


100 — X {r — 1) 

4,200 4- 37« — 2006 


] 


— TOO 


TOO (142 + isSr) - 3a (21 + 79f) - 3006 

Percentage O, in burn(;r gas = 100- 

. ; , 100 — X {r — 1) 

■ 2,100 — a (21 + 79r) — b (21 -- I5 8r) -1 

-10(7(142”+ 138^) ■ 3rt (21 + 79>') — 300b J 

Burning Sulphur .—When tlie source of SO.^ is sulphur, we have— 

O^'+S.-SOa 

f = I 

,200'- 200« — 2006-1 


Percentage conversion — 100 

[ 


4,200 + 37« — 2006J 


100 I 


237« 


Percentage SOj in burner gas 
Percentage Oj in burner gas 


4,200 + 37fl - 2006 

4,200 + 37« — 2006 
3 (100 — a — b) 

__ 2,100 — looa X 1376 


] 


3 (100 ■ - a - ■ b) ' 

Burping pyrites.- - Wlien tlie source of SOj is pyrites, assuming that 
is pure FeSj and combustion is to Fe2^^3 we have :— ' 

11O2 4FeS2 =- 8S()2 d ^FcjOa 

••■'=-8 =^-375 

Percentage c()n\’ersioi> = 100 ^ 

= [' - F6X0 


16,800 — 1,037a — 8006-1 
16,800 + 148a — 800 J 

1185a 


-1 


16,800 + 148(1 — 8006J 

Percentage SOj in burner gas = 100 jl 

^ L3 \95,8oo — i,037« - 8006 /J 

Percentage Oj in burner gas = 100 [- 

^ ^ L3 V95, 800"-i,037« - 8006 




Mannheim oleum plant burning pyrites. Total percentage conversion. From analysis of exit gases. 

• * Percentage SO* • 
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SULPHURIC ACID BY CONTACT PROCESS 
JJSING PYRITES. 
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Graphs for calculating percent;age conversion of sulphur dioxide* 

INTO SULPHUR TRIOXIDE, AND PERCENTAGE OF *SUL*UR DIOXIDE 
■IN THE BURNER GAS ACCORDING TO THE PRE(|EDING METHOD BY 

Professor Wilsmore , 

Ift applying the method to cases where the SO^ is ?)btained from . 
pyrites, there is some uncertainty concerning the, volume of oxygen 
used up to produce one volume of SO^. The ideal cyjmbustion o£ pyfites 
is expressed by the equation 

• qFeSjj + iiOjj = 2 Fe 203 + SSOg 


but in practice some sulphide will be left in the cinders, whilst, on’the 
other hand, some sulphate will be formed; it is assumed, hdwever, that 
these sources of error will in general be mutually compensating as regards 
the consumption of oxygen. If this be admitted, the equations when 
applied to the analysis of the gases from pyrites may be reduced to the 
following simple forms, which have been used for the graphs. If a is 
the percentage by volume of SO^ and b that of oxygen in the gases 
leaving the converter (assuming the SO,, to have been removed), C the 
percentage of conversion and .S the percentage of SO« in the burner 
gas, then 


(1) 

( 2 ) 


c = 
s - 


, i- 48 i« n 

100 (i - b) 

/ 21 -1- o- iSsa - b \ 

^°°Vi7g'6- i'944fl — 1 - 56 -' 


Daia for plotting and checking the graphs. 

I. Percentage of conversion. —Equation (1) may be written in the 
form-- , 

(I - C/ioo) = i-48i7Q 

in which Q = (21 -f o-185(1 — 6*). The calculation, therefore, consists 
of two operations, the first being to find the value of Q. The two a 
axes and the b axis must be parallel, but their distance apart and the 
scales used are merely matters of convenience. If the sc^es (namely, 
the number of units per unit of length) on the left-hand a axis, the 
b axis, the Q axis and the right-hand a axis are denoted by Sj, s^, Sg 
and s^ respectively, then Sj must equal (s^ + Sj) aqd the distances of 
the Q axis from the left-hand a axis and the b axis must be to each 
other as Sj. to Sj. The left-hand a axis, as it represents a positive 
quantity m the denominator, is graduated downwards. The b axis 
representing a negative quantity in the denominator is graduated 
upwards. As Q is also in the denominator apd is positive,* its S(^e, 
if jJlotted,' would run downwards. • 

In usiag the gripti (Fig. 9) the actual values of Q are not wanted, blit 
as in practice it is conven’ient tp ^ave a scale on the ^ axis for reference, 
any decimal scale may be |^*d oj on it. ,As tl^ right hand a axis 
represents a'positive quapti,ty in themumerator, its scale mustiae plotted 
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^ upwards, al^D a must be plotted on the left-hand scale as o-iSsa, and 
on the right/hand scale as 1*481^. The C axis is drawn from the zero 
of the right-hand ^ scale to the true zero of the Q scale. If, however, 
the latter point is beyond the scope of the drawing board, an inter¬ 
mediate poirjV on th» C scale, say, that for C = 30 per cent, may be 
found graphically from two corresponding pairs of values of d and b 
taken from the table below. The other chief points on the C scale may 
be found in'the same way. If the length of the C axis can be accurately 
measured^ the chief points on it can also be found from the relationship 

, "is) 

sjl -f S3 

in which z is the distance of the point required from the centre of the 
(' axis, d half the length of that axis, .S3 and S4 the scales of the Q and 
right-hand a axes respectively, and h = (r — C/ioo). The C scale not 
being uniform, the smaller divisions on it must be inserted by projection 
from a decimal scale. 

In this graph. Fig. 9, .Sj = 0-05, = 0-25, and .s^ = o- 3 units 

per cm. Consequently, .Sg - (.Sj-| .Sg) — 0-3 units per cm. As the 
b axis has been placed 24 cm. from the left-hand a axis, the Q axis 
is 20 cm. from the latter axis and 4 cm. from the b axis. The position 
of the zero point of the Q scale (not that of the arbitrary cm. scale actually 
plotted) is readily found from the corresponding sets of values {a = 0, 
h — 0 — 4) and (a — 6, - 7, Q — 15-11). Thus a straight line 

joining 6 on the left-hand a axis with 17 on the h axis will cut the Q axis 
at Q -r 4, and similarly a straight line joining 6 on the a axis with 7 on 
the ft axis will cut the () axis at 0 - 15-11. 


Table for checking graph of percentage of conversion. 


a 

t 

h 

C 

a 

h 

c 

6 

9-42 

30 

1 

16-25 

70 

4-15 

13 

30 

2-74 

8 

70 

5 

9'.^8 

40 

1 

13-78 

80 

4-82 

10 

40 

1-25 

12 

80 

3 

12-67 

50 

0-3 

16-61 

90 

3'9f> 

10 

50 

0-62 

12 

90 

3 


60 

0*0 

? 

100 

1-71 

1.5 

60 





II. Percentage of SO^ in burner gas .—Equation (2) may be written 
m the fo*m— 

S/ioo — Q/P 

in which Q —-(21 -f o-i85a — ft) 

« ( ' 

and P = (^79-6 -7 i-944fl — i-5ft). 
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The graph (Fig. lo) in this case is similar in, type tp th^ previous one • 
except that r and Q must both be found before proceed^g to find S. 
In the numerator the scale chosen for a is o -1 and tbM for 6 0-5 unit per 
cm., a being plotted as o- 185a. The scale of Q is therefore o-6, and the 
distances of the Q axis from the a and h axes respectively, are to each 
other as 5 to I. In the denominator a is plotted as i'944a and 6 as, 
i‘5fe, the scale in each case being 0-5 unit per cm.' ITie scale of P is* 
therefore i unit per cm., and the P axis is midway between the a and 
h ^xes. Subject to the above conditions the relative position of the 
various axes is merely a matter of convenience, but, with the exception, 
of the S axis, they must all be parallel. The actual scales of P and Q' 
are not required, but for convenience of reference, c£ntimctre scales 
have been plotted on their axes. The S axis is part of a straight line 
joining the true zeros of the P and Q scales. The position of the zero 
of the Q scale may be found from the sets of corresponding values 
(a = 0, h — ly, Q = 4) and (a = 6 , 6 = 7, Q = The zero of 

the P axis will not be readily accessible, but its position and the slope 
of the S axis may be estimated as follows :— 

Draw a base line through the zero of the Q axis at right angles 
to the P and Q axes. Find two points on the P axis from the two sets 
of corresponding values (a = 0, b = y, P = ibq-i) and (a 6, i = 17, 

P === 142-4). From the position of these points relative to the inter- 
,section of the P axis with the base line the height of the zero of the 
P scale above the base line is readily found, and this height divided 
by the distance apart of the P and Q axes gives the tangent of th^ angle 
of slope ot the S axis. The chief points on the non-unifornf S scale 
may be found graphically by means of the following table. The smaller 
• divisions must be inserted by projection from a decimal scale as previously 
desenbed. 


Table for checkifig graph of percentage of SO^. 


a 

b 

1 

S 

* 

a 

B 

••vS 

i 

I 

16’60 

1 

3 

4 

12-58 

6 

I 

14-98 

4 

0 

9-42 

7 

0 

14-70 

4 

4 

10-84 

7 

1 

14 

4-59 

0 

7'53 

8 

0 

T 3 

3 

2 ' 

8-30 

8 

2 

12-59 

5 

6 

9 'K 5 

8 

0 

11-24' 

() 





A convenient cursot for reading these graphs is made, by ruling 
a hne with a needle on a strip of celluloid, for Example, a strip of Kddak 
film from which Ihc^gelatine has been removed. The line will be more 
distinct if it is inked o"cr jvith Indian ink, the K^xcess of ink being 
removed (after drying) with a’ slightly damped cloth. To obtain sharp 
readings the niled line should face the graph. *' 


3 
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SECnON 2 

QRILLO OLEUM FLAST 

General p'atline and description ol plant.— The Grillo plant was 
designed for the use of sulphur as raw material instead of pyrites on 
accpunt of the lesser demand made on skill in burning and iso of the 
saving in freight. The plant, however, can be easily adapted for using 
p)Tites by replacing the present sulphur burners by suitable burners 
for pyrites' and slightly increasing the gas purification system. 

. The sulphur dioxide formed by burning sulphur in air, is passed 
after purification over finely divided platinum supported on granulated 
anhydrous magnesium sulphate and is converted into sulphur trioxide 
which is absorbed in sulphuric acid, and strong sulphuric acid of any 
desired strength or oleum up to 20 per cent. 6f free SO3 is produced. 

The plant was built in so-called double units, each double unit 
capable of producing 50 tons of SO., per day. At Queen’s Ferry five 
double units were erected. Fig. ii shows the general arrangement of 
that installation. 

The sequence in which the various parts of the plant come into 
play and the course of the gases through the plant are as follows 
{see Fig. 12). 

Sulphur is charged into the cast-iron burner pans and there burned 
to SO2, which, mixed with 90 per cent, of air, passes from the burner: 
to the burner flue and heater cooler in succession. The latter serves as 
a dust chamber; this is not an important function when burning a com¬ 
paratively pure raw material such as sulphur, although it is of primary 
importance .when burnihg pyrites or blende. The gases then pass to the 
SO2 coolers, where they are cooled to atmospheric temperature. In the 
sulphur burners some SOg is converted to SOj, usually about 2 - 5 per cent, 
of the total; this combines with the water in the gases, undried air being 
used to bum the sulphur, and along with undeposited dust forms 
sulphupc acid and sulphuric acid mist, 10 per cent, of this is condensed 
in the SO, coolers as H2SO4 of 65 per cent, strength. From the latter 
the gases pass to Nos. i and 2 filters in succession, these take out 
40 per cent, of the mist, referred to above, as H2SO4 of 55-60 per cent, 
strength. Then follow three sulphuric acid drying towers and three 
more filters. On leaving the last of these, the ga.ses .should be optica^y 
free from mist or fog. They, then enter the pressure equaliser and the 
blower: the former, by an arrangement of baffle plates, absorbs the 
pulsations of the latter and prevents the vibration" being carried to the 
lead filters, the blower provides the driving force for the plant; up to 
this the latter is under suction and from thi^ point onwards is under 
pressure. ‘ , 

Following the blower is- another coke filter, ^the object of which 
is to catch any grease or residual mist in the ,gasc5. These then enter 
the heat exchangers where they are haaf^-d bV the hot gases from the 
converters. Afterwards thpy pass backwards again, to , the heater 
cooler, this time beii\g inside the tubes, ^hi^h aft heated by the gases 
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direct from the humors. They*’should here receive en6ugh heat to* 
enable trion to reach the converters, hot enough to star^ the reaction 
2SOj + Oj = 2SO3, but should this not be the cjse they are jfessed 
through the preheaters, which are the ordinary type of fire'heated tubes, 
beforo going into the converters. After leaving the latter the gases 
go trough the heat-exchangers, this time outside the tubes, the ^3 
coolers, the absorption towers and into the atmosphere. The absorbing 
acid and oleum go through coolers, circulating tarfks, stock tanks, and 
thep to storage. Feed acid is added just as the absorbing Scid leaves 
the towers and before entering the coolers. •» 

Raw material.— Sulphur from Louisiana, Sicily and "Japan was 
used. It is important that the sulphur be free from arsenic, selenium, 
and the halogens, or else that these impurities be not present in larger 
amount than can be safely treated in the purification system of the 
plant. 

As it is required to run the plant regeneratively, however, that is, 
without'the use of fuel for heating up the gases, it is necessary to have 
a fairly pure sulphur in order to obtain sufficiently high temperature 
to heat up the gases to the proper degree before entering the conversion 
vessels. 

The analysis of an average sample of sulphur is as follows 

Per cent. 

Sulphur (by difference) - - - - '98-950 

Moisture - - - - - - o-^io 

Sbdium chloride ----- o-oo2 

Ash.0-310 

Insoluble in chloroform (other than ash) - 0-320 

Arsenic ------ 

Selenium - - - - - — 


• , 100-qoo 

The only dangerous constituent in the above is sodium chloride; 
the quantity is, however, small, and when this is decomposed in the 
burners to HCl and Clg the purification plant is quite capable of washing 
it out, the working limit of sodium chloride in the sulphur is 0-02 per 
cent. • 

Practically all the sulphur is burned off in the burners, and there 

is no loss from this soiree, the ash residue usually contains— 

j Per cent. 

Sulphur • . - - - - 0-001 

Sodium chloride - - * * ■ - 0-002 • 

As thrash is offl^-.o-S per cent, of the total it is obvious that almost 
the whole of the sodium cftloride is decomposed also. * 

Varietiee dl acid irfodueed.-«-Generally acfll containing 98 per cent, 
H,804, and "oleum contaidiii go per 6ent. free SO, were produced, ^ 
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‘ In the former, case the sulphur tnoxide is absorbed by 98 per CMit. 
H2SO4, which is pumped continuously to the tops of the toWers and 
distributed over the quartz. The acid as it flows down the towers 
dissolves the sulj)hur trioxide from the ascending gases and increases 
in strength. After reaching about 100 per cent. H8SO4 it is reduced in 
strength to 98 per cent, again by the addition of water or weak sulphuric 
acid, cooled and pumped over the towers again. As the quantity of 
acid is continually increasing, a regular quantity of 98 per cent, acid 
is pumped away for use or storage. The greater part of the sulphur 
' trioxide is absorbed in the first tower of the series, the 'second and third 
acting as wash towers. Acid containing 98 per cent. H^SOj is used 
for absorption becaus(! sulphur trioxide is most soluble in sulphuric acid 
of this strength. 

When oleum, which is a solution of SO;, in H2SO4 is required, the 
first tower is used for this purpo.se, the second and third acting as 
wash towers as before, the acid running from the first tower must therefore 
be isolated from the acid from the other two. Part of the acid from the 
second and third towers is allowed to gravitate from the first circulating 
tank to the second and from the second into the third at the base 
of the oleum tower; in this tank it meets oleum containing about 
26 i)er cent, free Sf),, which is running in from the oleum tower, the 
two mix with the 2C) per cent, oleum already in the tank to make more 
20 per cent, oleum. Part of this runs in a constant stream to stor^e 
and represents the make. This run-off is also the cause of the gravitatiofl 
from ^he first two tanks. 


DI'SCRIPTION of THli PLANT 


P'or convenience of description one unit may be divided into the 


following .sections <- 

I. Suljihur store. 

, 2. Sulphur burners. 

3. Heat cooler. 

4. Sulphur dioxide cooler. 

5. Coke filters. 

6. Scrubbers. 

7. Suction equaliser. 

8. Blower. 


9. (irease catcher. 

10. Heat exchanger. 

11. Heater cooler (inner tubes). 

12. Preheater. 

13. Converter. 

14. Sulphur trioxide cooler. 

15. Absorption house. 
lO. Storage tanks. 


(1) Sulphur stores.- -Sulphur is conveyed in railway trucks from 
the docks to the sulphur stores; it is there discharged by hand on tc 
an iron grid with bars 4 inches apart, this ts to prevent large pieces 
getting through, the fall of the sulphur on to the grid is sufficient tc 
teeak the larger picsces*, all go through on to an endless rubber jiel 
conveyer which carries the‘sulphur to an elevatcr, the latter deliver 
it to another rubber belt conveyer and froip. this the sulpnur fan b 
tipped into any part of the store; this ife built of steel and corrugato 
iron with a concrete floor, hnd can be of any'dirfiensions; the sides ar 
built at the angle of repose for greater eco^priiy; bogey tracks are lai 
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at convAient'^distances, trolleys are brought in,cont^nmg empty 
scoops, these are loaded with a known weight of ^^Iphurjand wheded 
back to the sulphur burners. , 

(2!) Sulphur bumen (Rg. 18 ).—Each unit has one battery of 12 burners, 
each capable of burning 90 lb, of sulphur per hour. ’ • . ' 

The burners are cast-iron pans 7 feet by 3 feet,6 inches*by finches 
deep, which are set in brickwork and have a charging door at, the front 
containing an aif slide for regulating the amount of air drawn in. , 
Two arches of fireproof bricks are built over each pan and above the 
upper arch a short* vertical flue of chequered brickwork 'Which runs 
into {he main horizontal flue into which all the separate burners discharge. 

A charge of sulphur is .generally about 75 lb,; each scoop contains 
half a charge; two scoops are charged to each burner per hour, so with 
12 burners 900 lb. of sulphur are charged per unit per hour. 

The sulphur melts in the hot pan and partly burns and volatilises; 
the sulphur dioxide gas and sulphur vapour pass to the rear of the pan 
under the lower arch then rise to the upper arch, pass under it and rise 
through openings at the top into the chequered brick chamber and then 
enter the main flue connected with all the burners and return through 
a back flue on the same level to the heater cooler. 

Secondary' air for the combustion of sulphur vapours enters from 
the hot air flue before the gases pass into the chequer work. 

The burners are lagged to conserve as much heat as possible. 

The pans and burners work very efficiently and retain then’ heat 
for several days. The plant can be shut down for five days and still 
leave the burners sufficiently hot to re-start burning the sulphur. In 
•order to have a regular percentage of sulplmr dioxide in the gas, which 
is necessary to secure good conversion, it is essential ^hat the charging 
of the burners be systematically performed. 

Sublimation.—V^hen the burners are charged at the rate of 75 lb. 
per hour with sulphur containing up to 2’0 per cent, ash, it is usual 
to clean them every three or four days. This is done by merely opening 
the burner door, after the charge has burnt off, and raking out the ash 
into a barrow placed beneath, each burner is done in turn, the time required 
for each one being about five minutes, t.e., 60 minutes for the unit. 

When the ash is completely removed the sulphur burns away very 
quickly and tends-to give irregular percentages of SO^, this is corrected 
by only partially cleaning the pans, i.e., by leaving a thin l^er of ash 
on the bottom to insulate it and so slow down the rate of combustion. 

Recently an attempt^was made to reduce the inconvenience ot 
burner cleaning by allowing the ash to accumulate until the jians were 
quit% full, vz., for 20- 30 days; by this means very regular burning way" 
obtained, but after about eight weeks the percentage conversion began 
to decijease* for various reasons the above practice ^might have been 
responsible and a return was made to the ojder method. An attempt 
•was made later to prdve whether or not the decreased convers^n w^ 
due to the h,ccumulation of ^sb. This consisted ip selecting a unit wim 
very high conversion, ^d allowing the ash to remam as before.^ No 

• • ® 
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(8) kestei^Voote or dust Ihamb^. —^TTie functions of this part of the# 
plant ar^ » 

. (a) ffo cool down the hot gases from the^lAimera; 

(b) To heat the cooled puniied gases previous tJconversion; 

^ (c) To collect the dust carried forward 4 )y the burner gases. 

This is a brick chamber 23 feet 6 inches long py 18 feet wide by 
10 feet high, divided longitudinally into two separate compairtments 
by an 18 inch wall. Each compartment contain^ three rows of eight 
U .pipes, 5 inch internal diam. round which the hot impure gases 
circulate before Being led away to the SO^ coolers. Purified gases pass* 
through the U pipes in the heater cooler on their way to the converter, 
and receive heat from the hot impure gases which require cooling before 
purification. 

Each compartment is connected to the burner flue, and the impure 
gases leave by a brick flue which has two up-takes, one for each set of 
SO2 coolers. At one factory it was considered that the cross-sectional 
area of the pipes was too small and should be increased. 

The chamber is insulated by cavity walls, the cavitv being filled 
loosely with slag wool. Stagnant dust pools, to prevent the fine dust 
from .being caught up again in the current, were made by building 
9 inch wall, 18 inches high, at right angles to the direction of the current. 

The impure gases leave the dust chamber and enter the coolers 
,^t about 290° C. 

Fig. 14 gives a side and end elevation, showing the two compart- 
inents, the low wall forming the dust pools, and the U pipes. 

( 4 ) Sulphur dioxide coolers (Fig. 16 ).—These coolers consist of two 
series of 20 vertical lead cylinders, 20 inches diameter by 13 feet 
6 inches high, the bottom bends are supported on carved wooden blocks 
fixeef inside a trough which is permanently filled wjth running water. 
This water is sprayed uniformly round the first four cylinders at the 
top in each series, runs into thew trough and then away to the drain. 
Care must be taken to keep the water continually sprayed on to these 
cylinders, otherwise the lead would soften and collapse; this once 
partially occurred owing to water ceasing to flow through the main. 

The hot gases entering the cooler pass downwards through the 
first header into the bottom of the second header, up the pipe, across the 
branch connection at the top, and down the next header, and so through 
the whole series of 20 pipes. The cooled gases finally pass from the 
top of the last pipe into a 30 inch diameter lead delivery main leading 
into the first filter. 

The duties of thpse coolers are— 

{a) To cool the gases down to atmospheric temperature 
“(h) To condense as much acid mist as po.ssible. 

^ach*header is su^ipiied at the side with a blanked flange top and 
bottom, which can be easily removed and t^e headers cle£med by means 
of a hosepipe. At the bottpm of each cylinder a lead drain pipe, i inch 
diameter,‘leads to a Icadep (jatch-pot, the outlet ®f which dehvers the 

ut 
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• condensate to a inch lead pipe running ^ong each si 6 & of ^e cooler 
and carrying condensed acid to a small Pohle Uft, which’remaves it for 
concentration. ^ • 

On the last header of each system an opening, 9 inches by 6 inches 
provided with a sliding cover, is used for admitting air to dilute the 
gaS from between 10 and 12, to 5 per cent, of SOj, which is the best 
concentration. About 10 per cent, of the mist and sulphuric formed in 
the burners is deposit-'d in the coolers as 70 per cent. H2SO4. 

( 5 ) Coke filters (Figs. 18 and 17 ).—There are five rectangular boxes, 
30 by 12 by 10 feet, made of 8 lb. lead, lined with acid proof tiles, and 
filled with graded coke laid on a brick grid. The specification for coke¬ 
filling is as follows :— 

24 inches of 4 inch to 6 inch coke. 

12 inches of 4 inch coke. 

12 inches of 2 inch coke. 

4 inches of i inch coke. 

48 inches of J to i',j inch coke. 

20 inches of free space. 

In the 20 inch space oyer the coke-filling, two i inch lead pipes, 
perforated on the under side with J, inch holes are fixeo in order to 
flush the filter with acid for removing moisture or for freeing the filter 
from frozen acid when occasion arises. A hole, 12 inches diameter, 
is cut in the top of the filter and is provided with a glass cover easily 
removable for the purpose of observing the nature of the gas in the.^ 
filter. 

The filters are fixed on brick piers 5 feet high to allow the sulphuric 
acid which condenses in them to run first into a collecting launder and 
then into a small tank with pump attached. The gases from the 
SO.^ cooler pass int(. the top of the first filter and down through the coke 
and issue from the bottom, whence they are conducted through a wide 
lead pij^e, 30 inches diameter, to the lop of the second filter, and from 
it to the first scrubbing tower. These two filters are very efficient, 
and condense 40 per cent, of the acid and mist formed in the burners; 
this runs out through a lute into the launder in a steady stream of 
60 per cent. HjSO^. The coke is always wetted by the condensation of 
this acid. Any sublimed sulphur which has escaped oxidation is 
deposited on top of the coke in the filter and can be removed when 
necessary. 

(6) Scrubbing towers (Figs. 17 and 18 ).—Three in number, 12 fept 
square and 27 feet high, are built of 8 lb. lead supported on wooden 
framework. The inside is lined with acid proof tiles and filled with 
graded coke as in the filters, except that the smallest size is i inch. 
The lead casing extends to within 3 inches of the 16 lb. lead saucer at 
the base, on which the grid carrying the filling stands, and is left free 
to allow for any " creeping ” of the lead. The brick chequer work at 
the bottom is so constructed that the gases entering the bottom of the 
towers pass along the central channel and then through the chequer 
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brickworic into the side com])artnients, thus gi\%ig an evert distribution 
of gas ovef the whole cross-section. . 

The towers* stand on a concrete base supj^orted on piefs sufficiently 
high to allow the acid to flow from the bottom o^ the towers into a 
receivipg tank, whence it is pumiKHl to anotluT h'ad-lined wtxKlen tank 
placed above the top of the tower. _ * 

Distributors split up the feed acid o\er each tcVer into 72* equal 
streams conveyed by inch lead pipes to each of the lutes in the fop 
sectjon. Above this are arranged three feed tanks, t ach 7 Teet long 
by 4 feel6 inches*w’ide by 3 feet b inches deej). lined with lead. 

On the ground level, in front of the scrubbing towers, are the lead- 
linedrfeed tanks, one for each tower, measuring to feet b^-1» feid b inches 
by 3 feet 6 inches. 

The scrubbing towers &re numbi-red i. 1 and 3. according to the 
passage of the gas. Strong sulphuric acid, about u<) per cent., is run 
into the tank at the foot of No. 3 tower, and is elevated bt' means of 
a centrifugal pump to the feed tank in the luaise at the top ol the scrubber. 
This acid? for drying purposes, leaves the teed tank by i.l inch lead 
pipe, the latter splitting up into two 1 inch leail branch pipes which lead 
to the centre of the two distributors, blow is controlled by regulus 
valves.* Front here the acid is distributed through the lutes and 
percoldtes through the coke filling ol the tower, finally running out 
through a lead cooler at the bottom into the above-mintioned feed tank 
on the ground level. A 3 inch lead pijx' forms ;ui additional outlet for 
acid from the saucer of the tower into the feed tank. Acid troni the 
savtcer of No. 3 tower can be bye-jtassed through a 3 inch lead piix* 
controlled by a valve into No. 2 feed tank, from whence, as in the case 
above mentioned, the acid is elevated to the feed tank at the toji (if 
^^o. 2 tower. Similarly, acid can be bye-])assed from the saucer of 
No, 2*tower into No. i feed tank, and thence to the t»p of No. 1 tower. 
Acid from the saucer of No. i tower can, if necessary, ))e bye-i)assed 
to the lead box which collects all weak acid to jx- sent for ((.ncentyation. 
At one plant the acid in the three feed tanks is roughly of the following 


strengths;— 


Per cent. 


No. 3 
No. 2 
No. I 


95 

90 

70 


Acid under 70 per cent, is removed for concentration. 

Elevation of acid from the bottom feed tanks is by means of 10 incE 
impeUer Rees Roturb^ puifips, directly coupled to ^ 

delivery pipe is rj inch lead pipmg. Kcstner f 

installed to act4s spares when the centrifugal pumps aret ut 
The pum^ can eleVate^io tons of acid prtr hour to each scrubber- 

the three scrul^iing towers in series leav« 
•No i toS Sd entis thl berttom of No. 3 filter. »nd thence througj 
4 and 5 filters. Leaving Np ./5 filter, the piping •changes to ^0 me 
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diameter mild steel pipe. Along this pipe the gas flows to the suction 
equaliser. T})e distance between the centres from No. 5 filler outlet 
to the equaliser is 7? leet. 

The function of these towers is to remove halogens, mist and 
moisture. 

The scrubber iu i l for No. 3 tower is ke|)t up to strength by adding 
))ure oleum (oleum inade vvitli wati-r feed) from the storage tanks. 
No. j can also l)e stuTigfhened by adding oleum direct, or by passing 
some of till’ acid leaving No. scrubber into the tank feeding No^ 2. 
No. I scrultlier is kept up to strength by passing acid from No. 2 scrubber 
to the feed tank lor No. i. As the bulk of the acid increases, acid is 
withdrawn from No. 1 h'cd tank and sent to the concentration plant. 
Sj)ecifii f;ra\i1ies and temperatures of the acid in each reservoir are 
taken once each shill. Only small quantities of the stronger acid, 
about .i .) inches, are added at one time in order to avoid serious rise 
in temjierature. 

Temperalure rises to al)out 40 ('. after addition of 5 inches of 
oleum (or .;,2io 11).l. It has been noticed that as a result of adding 
10 to inclu-s of oleum fairl\' rai)idly to No. 2 feed tank the converter 
tem])era1ures weri' upset. The ])resence of chlorine has been defected 
under these conditions, and it seems quite reasonable to assume that 
the trouble was due to increa.se of concentration and increase of 
tcmjx'iature, both factors which would render hydrochloric acid less 
soluble in the scrubber acid. From the scrubber the gases pass through 
the remaining three coke filters, but now enter at the bottom, and pass 
out at the top of each filter in succession. The object of these filters 
is to retain an>' residual mist or acid spray still left in the gases or carried 
over from the towers. The gases leaving No. 5 filter should be optically 
clear. It is essential that the coke used in these filters should contain 
not more than 1 per cent, of moisture when put in. Relatively wet 
coke has been used for filling filters and an attempt made to dry it by 
spra\ing with strong sulphuric acid,' but this was not effective, the 
initial moisture made the gas misty. 

Till' acid discharging from the filters is generally 85 per cent. 
HgSt)4: this freezes at 4'' ('.; in winter this sometimes becomes solid 
aiid blocks the filters; the frozen acid is melted by spraying with 
94 j>er cent. H^SOj, the sprays are installed in the filters as a fixture, 
and are connected to the strong acid tank over No. 3 tower so that by 
turning the val\ c a spray of strong sulphuric acid is at once put over 
the coke; the effect is instantaneous, the frozen acid melting at once, 

> 

(7) Suction-presser equaliser.— This consists of mild steel cylin¬ 
drical shell of 5 feet diameter by 6 feet deep and of \ inch steel plate. 
Inside- the shell are fixed two, and in some cases three, steel diapmagm 
plates made of | inch mild steel, and perforated all over wun | inch 
diameter holes spaded at J inch centres. The diaphragms are placed, 
one at the bottom, one in the middle, and if there is a third, one at th( 
top. The top and bottom covers of this cj'lmdrical shell are cast-iron, 
and of conic^ shape.' The top cover is connected to the last filter by 
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means of the 30 inch diameter ntild steel pipe referred to’above, whilst 
the bottoJn cover is fitted with a 30 inch to 16 inch cast-iron reducing' 
pipe, which coimects by a 16 inch suction pipe to the blower. 

The function of the equaliser is to neutralise the marked tendency 
of thff blower to develop pulsations in the sucfion pipe which vjould 
have a serious effect on the lead covers of the filters causing them to 
vibrate in sympathy with the blowers, and the leaU to crystallise and 
crack. In one of the plants it was found advantageous to cover three- 
quarters of the holes with a sheet of 12 lb. lead, and the *uncovered 
portion# were staggered. Instead of a rigid joint connecting the 30 inclf 
lead bend and the filters a luted pipe was substituted in some units 
and proved a great success, doing away with the repaiJs frequently 
necessary owing to the cracking of the flanges caused by the vibration. 

As this condensate from the equaliser is about 86-88 per cent, 
acid, much trouble was experienced during cold weather owing to 
freezing of this acid on. the diaphragms. In order to overcome this, 
hot gas can now be led into the top of the equaliser from the pipe leading 
from the heater cooler to the preheater or converter. This bye-pass 
is a 3 inch pipe, and the supply of gas for it is regulated by a valve in 
the converter house. This has proved very efficient in practice. The 
gas .now enters the blower. 


(8) Blower.—This is of the Roots’ design, and has a capacity of 
*29 c.f. per revolution. The drive is by a 12 inch diameter belt from 
the pulley of a 60 h.p. motor, giving 158 r.p.m. to the blower. The 
glands of the blowers are packed with white asbestos cord bailed in 
mineral jelly for 24 hours. This method of treatment has given 
satisfactory results. Previous to this, lantern rings and compressed 
»air were used in addition to the packing. The delivery pipe from the 
blo\' 9 er is of 18 inch diameter, and leads to the grease catcher. A 10 mch 
diameter pipe connects the suction to the pressure side of the blower. 
A gate valve in this pipe controls the flow of gas, and so enables one 
to regulate the suction and corresponding preSsure of the*blower.’ 


* ( 9 ) Grease-catcher.—This consists of a 30 feet by 8 feet cylinder of 
mild steel. At the bottom inside this tank rests a cast-iron grid con¬ 
structed of special cast-iron firebars. These bars are so arranged as 
to give a 2i inch clear space between their underside and the mside 
bottom of the tank. ' At each end of the tank, and at point 3 feet 
3 inches above the centre line of the vessel, is provided a fitting which 
receives a sight glass ;• so that an optical test can be made at any time, 
a light is fixed at one end4or night observations. * , , 

At the bottom 6f the tank and at the end furthest away from the 
inlet pipe, ajun-off drain pipe is fitted. Thii is provided ivith a lute 
of 3hffiSenT^epth to counter-balance t^e maximum pressure .which- 

will be reVhed at any time. ..j ..u „ 

Through the 16 inch fitting'at one extremity erf the grease catcher, 
a 15 inch gas main is taken downwards through the coke with which 
the vessel is packed to a’pftiht just below the casbAron grid upon which 
the graded coke rests. Thhcwgh this, gases frdm*the blower enter and 
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rise upwards jthrough the coke filling .before they escape through the 
outlet fitting at the opposite end of the tank. Grease catcher is a 
misnomer, it is supposed to trap grease and oil from the blower, but 
is actually the mea^s of trapping acid mist, and also functions as an 
equaliser on the pressuw side of the blower. 

•From the grease catcher a 15 inch diameter steel pipe runs ’along 
the bagk of the co»^rerter house; this pipe being provided with two 
10 inch diameter br'anch pipes connected to the inner tubes of the heat 
exchanger,, each branc^i being fitted with a 10 inch cast steel fullway 
gate valve to control the flow of gas and ensure equal distribution *to 
each exchanger. 

Purificatibn.—The purification of SOj obtained from arsenic*free 
sulphur, practically resolves itself into what has come to be called the 
" mist question,” The following are facts :— ' 

(1) Coarse coke is practically useless for the elimination 
of mist. 

(2) Fine coke, i.e., coke passing the ^ inch mesh sieve, is 

a very efficient mist catcher, but a considerable depth is necessary, 
certainly more than i foot in each filter and probably 3 feet 
or 4 feet. , 

(3) When the SOj at the burner flue is 10-o pel- cent., and 
no more air is admitted until the main entering the second 
scrubbing tower is reached and the gas is there diluted to 
5‘0 per cent. SO^, the quantity of mist eliminated in the purifica¬ 
tion system is far greater than under any other condition tried 
on this plant. This jjractice when introduced at Queen's Ferry' 
solved the " mist question.” 

(4) Variation in the velocity of the gas up to the degree of 
halving it does not produce any visible difference in the amojint 
of mist deposited. 

The .strength of the scrubbing towe» acids are :— 

Per cent. 

^rong acid - ... - 93-95 

Middle acid - - - - - 75 -% 

, ^ Weak acid . - - . - %-6o 

The weak scrubber acid is kept as near to 55 per cent, as possible, 
to take up any halqgen present in the gases. A suitable quantity of 
weak acid is run off each day and 30 cubic feet of fresh acid from the 
middle tower added to prevent it becoming satul'ated. In order to 
maintain the weak acid at this strength it is tleces^ary to add 600 lb. 
of water to it daily. 

, When tfie strong acifl is kept at 93 per cent, to 95 pec cent. Jhe 
middle ’acid strength adjusts itself and the weak is brought down to 
55 per‘cent, by the addition of water. , • • • 

• The pressure equaliser aqts as a mist catcher and deposits firom 
20-50 lb. daily, according to the humidity aijd.the temperature of the 
atmosphei^. 
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• (10) Heat-exohanger (Pigs. 19 and 20).—This consists of a mild steel 

cylindrical shell lo feet long by 4 feet 2 inches internal diameter 
with plate thickness of f inch. Inside the cylindrical shell are riveted 
two 9/16 inch tube plates, the space between the tube plate and the 
end plate being 91’,. inches at each end, each plate being drilled to 
receive 104 steel tubes 2^ inches internal diameter by io| W.G. thick, 
between the tube plates *in the cylindrical shell are j)laced two J inch 
baffle plates to force the gas passing round the tubes to take a zigzag 
course instead of passing across tlif space between the inlet and outlet 
openings. Through the tubes the cold purifibd gases flt)w to receive 
heat at the expense of hot gases from the converter, which flow around 
the* inner tubes and which require cooling before absorption. Each 
unit is provided with two heat-exchangers. The two outlets from thp 
tube spaces are connected into a 10 inch diameter main running along 
the inside of the house. These two 10 inch mains lead into a 15 inch 
main which passes across to the heater cooler, one end,of the main being 
connected to the inner tubes of the heater cooler. 

The heat exchanged are similar in principle to a water-^ube boiler, 
they are steel cylindrical vfSsels 10 feet by 4 feet containing 100 2^ inch 
tubes; the latter are sweated into a plate at each end, in addWon there 
are end plat^. The spaces between the plates’ at each end serv,e as 
headers for mstributing the gases among the tubes. Cold gases enter 
at one ena*nd leave at* the othej after being heatecL to about 100 C. 
by the ^ases from the converters, these enter* at 400° C. and pass on the 
outside of the tubes^ There are two baffle plates yiside to make the 
latter gases4;ake a zigzag course. 
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In these vessels corrosion takes place if Ihe gases are not sufficiently 
dried, acid ni;st is deposited in the tubes and eventually makes a hole, 
SOj gases then pass through to the SO3 gases and go through the rest 
of the plant unconverted and unabsorbed, becoming a dead loss. If 
this, action takes place it can be detected as follows :— 

x (i) By arhigh acidity of the exit gases as tested by absorption 
in iodine or caustic soda. 

-• (2) By the' production of a white mist leaving the exits of 
the absorption towers. ' 

(3) By a strong smell of SOg in the acid or oleum produced. 

By the action of this acid mist on the tubes, and other iron''used 
in the plant, whatever arsenic is present in the iron is liberated as 
AsHg, this is absorbed by the platinised mass as As^Og and causes ‘ 
permanent poisoning, which results in a decreased percentage conversion 
with a corresponding drop in efficiency. 

Instances are known where the tubes have become so corroded that 
the iron sulphate formed has blocked some of them completely; it is , 
this also which makes it a necessity to have all coke packed into filters 3, 

4 and 5 properly dried, because efficient drying of the gases,in the drying 
towers is useless if they are afterwards passed over wet coke; this also, 
applies to the coke in the grease catcher. 

Wet coke in these vessels is known to be responsible for the formation' 
of holes in the heat exchanger tubes of at least three units. 

(11) Heater-cooler (inner tubes).—The purified SOg gas mixture, coming 
at atmospheric temperature from the grease catcher, and having 
had its temperature raised to approximately 180“ C. during passage 
through the heat-exchanger, received additional heat while parsing* 
through the inner tubes of the heater cooler. Gases leave these inner 
tubes or U pipes at approximately 380“ C. and pass back to the 
converter house by a 15'inch steel pipe, which is connected to two 
10 inch branches inside the converter house by means of 15 inch by 
10 inch T piece. That is, the two 10 inch mains branch off this 
15 inch main and proceed in opposite directions, half the gases passing 
each way. At each extremity of these 10 inch pipes a 10 inch by 
10 inch T piece is fitted, the branch outlet of each connecting to the 
preheater inlet header. The end flange when normally running is 
blanked off, but when drying out the mass in the converter when starting 
operations, this flange is coupled to a 15 inch' portable Sirocco fan. 
The second' flange of this 10 inch by 10 inch T piece is connected 
to the inlet pipe of the converter, so that the preheater can be put out 
if temperatures are sufficiently high for optimum conversion. After 
leaving the heater cooler tha gases divide again into two 10 inch ifiains 
and carry on through the rest of the plant in 1;y^o equal portichs. They 
pass either to the preheater qjr to the converter. 

(18| Preheaters.—‘There are two preheaters- to ftich unit,, and they 
are similar to the heJitdi- cooler already described except that the tubes 
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are heated by coal fires in^ead 6f the gases from the sufphur burners. 
The totaltieatmg surface of the pipes is approximately i.ioo square feet. 

The 'preheater is only used when starting up the plant or whm 
running on low sulphur charges in the burneri*. - With h^i charges of 
sulphdr sufficient heat is generated to heat the SO3 gas passing through 
the tubes to such a temperature that the preheater is,unnecessary./'^ 

With the same percentage of SOg in the gas feaving the burners 
(usually about ii per cent.) the temperature ol the bumep gas is a 
constant regardless of the quantity of sulphur burnt, but with large? 
sulphur charges the temperature of the gas passing through the system 
is better maintained for th^ reason that the radiation losses afe distributed 
oyer a larger volume of gas. With large sulphur charges the gas passes 
direct to the converter without going through the preiieater. 

Occasionally the temperature is too liigh for optimum conversion 
and it is then necessary to reduce the temperature. This is attained 
by introducing cold gas from the 15 inch main from the grease catcher 
into the 10 inch main just before entering the converter. 


( 13 ) Converter (Figs. 20 and 21 ).—There are two converters for each 
unit, 'each ponverter consisting of one shell inside another. The 
inner shell is of mild steel, 6 feet 0 inches diameter inside by 12 feet 
8 inches high, made from f inch plates. The outer steel shell is 7 feet 
*4 inches in internal diameter insulated from the atmosphere with slag 
wool, and an outer casing of 4I inch brickwork. The lower extremity 
is closed by means of a J inch plate, which is provided with a cast steel 
seating for the 10 inch diameter outlet pipe situated in the centre of 
the plate. The flange of the pressed plate comes in contact with the 
inner surface of the shell. The upper end of the inner shell is left open 
to receive the incoming gases. The converter is arranged to accommodate 
four independent layers of the platinum contact mass. These mass 
layers rest on 3/16 inch perforated^plates, are 14 inches to 16 inches thick, 
and each weighs approximately 2,500 lb.* The conterter has five 
p^forated plates, the upper one being placed 3 inches below the gas 
inlet and serves to distribute the incoming gas. In some cases a thin 
layer of unplatinised mass (about 200 lb.) has been placed on the topmost 
perforated plate which then acts as a filter. Beneath the perforated 
plates carrying the first, second and third layers is placed a cast-iron 
baffle plate 5 feet 8 inches diameter and I inch thicl^ the space between 
the perforated plate and baffle plate being 8| inches. These baffle plates 
rest on angle-iron, add being only 5 feet 8 inches diameter, allow an 
annular space of 5 inches*'Wde round' the plates through which the gases 
must pass before going through the next layer of mass. , 

• In passing through the converter the gases are raised considerably 
in tempevature, due to the heat of reaction accompanying the conversion 
of SQ2 to'SOs. By meaAs of the baffle plates undenthe layers this heat, 
of reaction is conveyed to the sides of the shell, and so heats up the 
gases passing between the iwo shells previous to entering the converter 
at the top*. 
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The hot gases enter the outer shelh by rtieans ol a lo inch diameter 
pipe arranged at a tangent. Gases passing around the annuflar space 
of false wall between the two steel shells take an irregular spiral course 
between 3/16 inch taffle plates. The gases thus pass upwards, then 
down through each of the four layers, finally passing out as an, SO3 
gas liii^ture through the 10 inch diameter pipe connected to the bottom 
of the converter. 

To prevent radiation losses, a brick casing is provided to the 
converter dnd the space between the outer shell and this casing is filled 
in with slag, wool or other suitable insulating material. • 

The SO3 and air leave by the 10 inch diameter pipe around the 
inner tubes of the heat exchanger previously described. From® the 
heat exchanger the gases are led out of the converter house by a 10 inch 
pipe to the SO3 cooler. 

The gases enter the converter at about 320° C. and arrive at the 
top at 36 o°-370°. 

If the gases reach the first platinised layer at about 360° and do 
not contain more than 5 per cent, of SO2, 97 per cent, conversion can be 
obtained without any further control of temperature. 

Conversion .—The conditions necessary for good con^'^ersion, i.e,, 
96 per cent., are :— 

(1) Uniform burning of sulphur at the burners in order to 
yield a steady 5*0 per cent. 0-2 per cent, at the converters. ' 

(2) Pure gas. 

(3) Low temperatures in the converters, i.e., no temperature 
to exceed 480’ C. 

(4) Exit temperature of gases from converters not higher 
than 410° C. 

(5) Steady temperatures. * 

(i) and (2) These have already been dealt with in detail. 

(3) The temperature at which conversion begins is a function of 
the velocity of the gas. 

The higher the velocity the higher the temperature required to 
start conversion. 

On a 35 lb. charge the velocity is 4-0 feet per second through the 
converters and conversion starts at 360“-370° C. 

On a 70 lb. charge the velocity is 8'0 feet per second and conversion 
starts at 36o°-38o° C. 

On an 80,1b. charge the velocity is 9-2 feet per sicond and conversion 
starts at 38o°-40o° C. 

The onlv means of obtaining low temperatures throughout the 
converters on a 70 lb. or higher charge is to keep the gases as they reach 
the first platinised mass at as iow a temperature as possible, while still 
obtaining the necessary conversion on the first Jatyer, this temperature 
is 360-370° C. 

Severd conditions come into play here, the speed of the gas is so 
high and 'the temperatiire is so low that tke^ first layer is not able to 
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attain its maximum conviprtin§ power, as denoted by* the relatively 
small ris^ in temperature of the gases as they leave, this layer; by thus . 
throwing^the conversion on to the lower layers the heat evolved during 
the reaction is distributed more evenly over the, various layers and 
prevents any one of them reaching an excessively%igh temperature., 

(4) By raising the temperature of the gases going on to th^first 
layer to say 390°-400° C., a much greater conversion takes place on 
that layer—the second and third become excessively hot and outside 
th% 98 j>er cent, conversion zone of 370°-470° C. The exit tAnperature 
also gets beyond the 100 per cent, conversion temperature of 410“ C. * 

. (5) The maintenance of steady temperature condil^ons in the con- 
vert^s, as opposed to oscillating temperatures, means the difference 
between good and moderate conversion, or, say, the difference between 
96 per cent, and 95 per cent. The gases reaching the first layer can 
easily be kept within the limits 360"-370" C., and that is the only 
regulation required, all other temperatures adjust themselves auto¬ 
matically. 

Temporary poisoning of the contact mass.—This temporary poisoning 
* is caused by halogen in the gas and can be more easily remedied than 
the more serjous arsenic poisoning, which necessitates the removal and 
special treatment of the contact mass. 

Temporary poisons such as chlorine and chlorine compounds have 
•the same effect on conversion as an increase in velocity of the gases, 
but in a more marked degree, that is to say, a higher temperature is 
needed to start conversion; in some instances it has been necessary 
to raise the temperature to 420° C. in order to get the right percentap 
conversion on the first layer. This poisoning may extend to all the 
layers, and in some cases the effect is so marked that the temperature 
‘becomes too low and conversion practically ceases. - 

The evil effect will be first apparent in the (ftop m temperature 
recorded by the pyrometer undei; the top lapr indicating less heat 0 
rcciction 

, It is not strictly correct to say that temporary pisoning stops 
conversion, because so far as has been proved, it is 
temperature, and if the temperature of the gaps can ^pght p 
quieW by means of the preheater the percentage conversion cmi be 
prevented from falling excessively. As a rule however it is not 
possible to reach this high temperature of 420 C. yi 

^'^'^^The poison is removed by roasting, i.e., hy blowing a JV^^b^y 
of air at 450“ C. thrpugh’^he converters for abpt horns wrth 
plant stopped. When the roaming has taken 
temperature at which conversion can start gradua y pp 

al«, be taken^ XS by 

of the trouble by rnore efficient i .scrubber, or. if thfs 

’ usmg weaker acid Ji^o p§r cent. HgSOi) m ^ , , cq* cooler, 

be not efficient, by sprayulg.water down a head«: of the bO, cooler. 
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At one period, much trouble was caused due to an' excessive amount* of 
chlorine in some lots of sulphur. A Gaillajd spray was very dficient 
in washing ojit the' chlorine, but of course there was a loss 6i sulphur 
dioxide too, which lowered the overall efficiency of the pl^t. " 

,{14) SO3 coolers.—The gases from the converter pass into the heat 
exchjmger, surrounding the tubes containing the SO^ gases oh their 
way to the heater codler, and then pass to the .SOg coolers. 

These are composed of two batteries in parallel; each battery 
consists of a first header which delivers into eight 6 inch horizontal 
■U tubes, eacli 30 feet long, and a second header which collpcts the 
gases again from the other end of the tubes, these are made of mild 
steel. The Second header delivers the gas^ by means of a 19‘inch 
main to the absorption towers. 

The temperature at which th(; gases eilter the SO3 coolers is not 
important, but they must leave above 30" C., or SO3 will be deposited 
as a wax-like solid in the tubes and obstruct the passage of the gases. 
Solid SO3 here is very difficult to dislodge. 

The method of cooling the gases is important, ordinary air cooling 
is the best, as no ill-effects arise from it. Water cooling has disadvantages. 
When cold water reaches the steel tubes, it causes local cooling of the 
SOs, some? of this polymerises and, as it is much less soluble in the 
absorbing acid and oleum than the simpl(;r molecule, passes through the 
absorption system and escapes as a white mist. 

So far as absorption itself is concerned, 100° C. is an excellent*’ 
temperature for the gases leaving the SO3 coolers and entering the 
absorption system; the high temperature does not produce any escape 
owing to vapour pressure, &c. It is, however, inadvisable because of 
the corrosive action of the hot acids on the containing vessels. 

With high charges in summer-time it is difficult to keep the tempera-* 
ture of the SO3 down to, say, 60° C. without causing polymerisation, 
and a more extensive system of air-cooling would be an advantage. 

Op the other hand, with low charges in winter, the SOg reaches 
the absorption towers at too low a temperature, i.e., in the neighbourhood 
of its freezing point, and under these conditions only one-half the cooling 
plant is required. 

^Vhen water is used as the cooling medium, it should be. applied to 
the tubes as a very fine spray. 

(16) Absorption towers (Kgs. 22, 23 and 24).—There are six towers 
per unit, two series of three, and each series deals with the gas from one 
converter. The towers which are built of mild steel are 24 feet in height 
and 6 feet in diameter; they are lined witbacid-proof tiles and fiUed 
with clean-graded quartz resting on a grid supported on cast-iron 
pillars. A‘cast-iron distributing plate sits on the quartz and the cover 
of the* tower has a combined feed and sight box for the circulating a6ld. 

A circulating t^k which acts as a reservoir for acid is fixed a few 
feet away from the* base of ^ach pair of towers. These tanks ard lined 
with acid-proof brick, and measure internally roughly 7 feet by 5 feet 
by 4 feet. The absorption tower is provided ‘with Wo openings at the 
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Iwttom, one to ^commodate the .gas entering by the lo inch pipe and 
the other to dram away acid which has passed down the tower. These 
acid run-otfs are.of 6 inch cast-iron square flanged piping. * 

l^e gas passes ly the first tower, out at the top, down by a lo inch 
pipe into the second tower, up this tower, tlierf \i\> the third tower, 
finally i^uing to the atmosphere by a lo inch pipe passing through *the 
roof of the house. . 

A 6 inch cast-iron cooler built up of 9 foot lengths and bends and 
IS used for cooling the acid used for absorpti(5n. 

A 5 inch steel fooler, similar to the above, is used to cool the circulating* 
oleuip. Acid of 98 per cent, strength is circulated over the second and 
third lowers m each series.and absorbs the SO., which fiasSes tower i, ’ 
this acid runs into one common 6 inch cast-iron pipe at about 100 per 
cent. H2SO4, and is reduced to 98 per cent, again by the addition of 
weak H2SO4 or water through a sight box, it then runs through the 
acid cooler back to the circulating tank, whence it is pumped to the 
top of the towere again and the process repeated. 

Part of this acid is allowed to gravitate from the first circulating 
tank to the secohd, and from the second into the third,* at the base of 
the oleum tower in this tank it meets 26 per cent, oleum which is running 
in from the oleum tower, the two mix with the 22 per cent, oleum alrfeady 
in the tank to make more 22 per cent, oleum. Part of this runs in a 
constant stream to storage and represents the make, this run off is also 
the cause of the gravitation from the first two tanks. Oleum is pumped 
from its circulation tank over the first tower, or oleum tower, in each 
series, absorbs SO3 while trickling down, arrives at the base at about 
26 per cent, oleum, runs through the oleum cooler and back into the 
oleum tank, where it meets the 98 per cent, acid as previously described, 
and ^he whole process is repeated. About 4 tons per hour is pumped 
over each tower, the minimum should not be less than 3 tons or the 
absorbing acid and oleum will get too strong and less efficient for the 
purpose. . ■ , 

Centrifpgal pumps are used when the oleum pumpeS over the first 
tw© towers is 20-22 per cent, approximately; 90 per cent, of the SOj 
in the gases can be absorbed provided enough oleum is circulated. The, 
tonnage required varies with the sulphur charge, but should be enougji 
to keep the oleum running off from the towers not higher than 26 per 
cent. In order to obtain good absorption all that is required is :— 

(1) To maintain the oleum in circulaticfn between 20 per 
cent, and 22 pewcent. 

(2) To maintaisi the acid between 98 per cent.'and 99lper 

cent. * , ■ 

* • pump enough of the above over the towers? 

Diagaams of the absorption system ar^ given in Figs. 24^ and 24B. 

iftid and oleum coolers (Figl. 22, ajid^24). The?* acid and oleum 
coolers were described in the preceding sect ion. _ 

' * * Seft Images 84 and 114. * * 
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The oleum coolers leave nothing to be desired, they are ample in 
proportion and not the slightest trouble has been entailed by them. 
The cost of inaintenince is ml. ' 

The 98 per cert, acid coolers are sufficiently large to meet all needs 
and give all the cooling surface required. 

The following points, however, on these have been made :— 

(1) Every three months the coolers on units using as feed 
concentrated spent acid from TNT nitration processes silt up 

<. and require washing out. This practice has an injurious erfect 
on the joints of the coolers. 

(2) 'rhere is considerable trouble with joints leaking ofi the 
coolers. In order to carry out repairs to (2) it is necessary to 
stop the plant and pump the cooler empty. This operation 
takes several hours, and when the unit is running regeneratively 
there is danger of the plant getting too cold. 

Two measures could be adopted to overcome this :— 

(1) The use of the cooler pipes with round eight-hole flanges, 
similar to those used on the oleum coolers, instead of the square 
four-hole flanges. 

(2) Instead of only one cooler being used for cooling the 
98 per cent, acid from the four end towers, two coolers could be 
installed, one for each pair, and when repairs were necessarj^ 
on any cooler that cooler and its towers could be cut out and 

, the plant could carry on until the repairs were executed. 

With regard to the silting up of the towers, which also happens, the 
latter need to be washed out every few months, this is done by completely 
disconnecting them from the gas inlet pipes and coolers and washing 
with fire hoses from the top. 

When a unit Starts up again, after washing the towers, a heavy 
rnist is noticed leaving the absorption tower exits. This gradually 
dip a^<'ay and becomes invisible in about 72 hours. It is the usual 
mist which is always formed when moisture and gaseous SOj come igto 
contact. Attempts have been made to absorb it by means of acid and 
oleum of various strengths, but without success. 

In the ordinary course of events, when the absorption tower exits 
fume, a quick and convenient test of the cause is the colour of the fume. 

Efflciency.—Unless strict attention is paid to details the efficiency 
of a Grillo plant decreases very quickly. It need% only a little slackness 
to cause a drop from 95 per cent, to 90 per cef t,. 

(1) Acid leaks should be stopped imihediately, and ■ their 

promotion discouraged. * 

(2) Strict attentioi? should be given to regularity in sulphur 
c burning, gas purification, and control of, converters ir order to 

obtain the maximum conversion.' ' “ 

(3) Loss of SO2 in the scrubbing system, by solution of the 
gp in the chp^ulating acid, should be minimised by covering 
the tanks and drawing the secondary air for the plant over them. 
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(4) Care should |)e taken to keep the absorbers working as 
perfectly ^ possible, p^ticularly in the night time. ® 

chenSSS!l?jLte:-‘^‘ '“““S'’ 


Efficiency 
Unconverted SOj 
Xoss at scrubbing towers 
Loss in effluent water - 
Loss in absorptionvsystem 
Loss in sulphur ash 


> Per cent.' 
, - . - 95-8 

3-5 

- 0-4 

. 0-2 
o-i 


100-0 

The efficiency during the same period as calculated from the sulphur 
burned, *166(1 d,cid consumed 3,nd oleum produced was 95*3 per cent., 
.showing a difference of 0-5 per cent. This was most probably due to 
errors in measurement, but the closeness of the figures shows the advantage 
to be gained hy a careful control of losses from all sources. 

Power consumption ol pumps.—The total power consumed by pumps, 
rfin one unit for all purposes, is 12 k.w. 


Production of magnesium sulphate mass 

The method adopted for the production of this mass, which serves 
as the carrier of the finely divided platinum, the catalytic agent, 
comprises:— 

(1) Calcination of the crystallised magnesium sulphate 
MgSO, yHjO, in shallow cast-iron pans. 

(2) Crushing and grinding of the whole of this^first cake. 

(3) Production of second cake by mixing the dust with 
• water in another similar pan and calcining. 

(4) Crushing and sizing of the second cake. 

' Calcination. 

The time required to convert the crystalline salt into a dry cake 
is about seven hours. 

The cake is detached from the bottom of the jian by long chisel- 
pointed steel bars. Wlien cooled it is crushed and reduced in a dis¬ 
integrator to a fine pewdir which contains from 12-14 cent, of 
moisture. ^ 

2 «S Calcination. 

In th|j3roduction of second cake, two'kinds ot material are used- 
dust from ist calcinatioii.^d duijt made by grinding^the fines from the ^ 
crushifig of the second cake previously made. First cake dust gives 
excellent second cake, but dust made from second gake caimot be used 
alone to make satisfactory second cake again. .The two kinds of dust 

• ItlTi X 
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are accordingly put into an open bin diyided into two by a partition, 
each kind being put separately into its own part of the bin, ■ 

When the pan'is charged, two buckets of the first dust and two of 
the second are put on to a hot pan and water is added from a watering- 
can with a long spout, but without a rose. The dust is thoroughly mixed 
in with the water by means of a long-handled steel garden rake 15 inches 
‘ l)road. About 150 lb. of dust and 2| buckets (75 lb.) of water are added 
altogether in order b) obtain a mixture of the consistency of thick cream. 
The water evaporates rapidly during and after the mixing, and the raking 
s.? continued to assist the formation of the hard cake at the bottom and 
to break up apy crust that may form at the top, until it is baked red-lmt 
nearly all over. It is then broken up with iron rods, left to Goorand 
crushed. 

The average time required for a charge is about five hours, and thct 
weight of cake obtained is nearly equal to tly.t of dust put in the pan. 

Before crushing care must be taken th'at the crusher is set to give, 
in this case, the coarsest possible product. The crushed naterid is 
transferred by hand to the hopper of the trommel, from which three sizes 
are obtained : (i) finished mass, | inch to | inch; (2) fines, i inch and 
less; and (3) oversize above | inch. The feed to the trommel must be 
continuous and not intermittent, to prevent fine material passing over 
the finer of the two screens and passing out with the finished mass. 
Oversize amoimting to about G per cent, of the total weight crushed is 
returned to the crusher. The fines are ground in the disintegrator as 
fast ‘ as they come from the screen. The finished mass obtained is, 
weighed as it is taken to the bins and the dust from the disintegrator 
is weighed also. 

The percentage of moisture is rarely found to be below 9 or above ip. 

Unplatinised.mass weighs about 46 lb. to the cubic foot. 

Platiuisation.—Before platinisation all mass is riddled carefully over 
i inch riddle:, to remove fine stuff which may have passed the finer 
screen of the trommel or may have been produced in transport or 
storage. The riddled material is then weighed out into iron bans, 
100 lb. in each. Two of these cans are emptied into each platinising 
stone-ware bath or tray and the mass is spread out in an even layer b^ 
means of a wooden rake. 

In 200 lb. of mass there are very nearly 180 lb. of anhydrous sulphate. 
The amount of platinum chloride required to give the desired percentage 
of platinum, reckoning on the 180 lb. of anhydrous sulphate, is weighed 
out on a pair of scales, having one pan of enEtnifeUed iron or earthenware. 
Acid-proof enamel should be used as the ordinary enamel is r^idly 
eaten away. • 

. The weight of water‘required to secure even distribution varies 
between 20 and, 30 lb., but is generally about 22*5 lb. (2 gallons and 
I quart). (Considerable beat is evolved during platinisation, and care 
should be taken that mass should not be used which has come directly ♦ 
froiq the inill and ^ill retains heat. It has been found that'more regular 
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results are obtained where two bins are available by putting all freshly- 
made ma|^ mto one bin and ^rawing for platinisation from the other. 

The-spra3f by which the solution is applied* consists of four fine 
glass jets connoted by short lengths of mbbej tjibe to a glass tube 
having f(^ short branches and one longer on^ sealed on in the form of 
a fork, l-his arrangement is enclosed in a wooden* case from the end of 
which the jets project. The longer branch of th> fork is connected 
by means of a long black rubber tube an(i|a glass syphon to the bucket 
containing the solution. This bucket can be raised above the bath by 
pulleys 2nd a sash cord, and the rate of flow, of the solution can accordiafily 
be Tsaried at will, ^ ^ ° 

Xbout half of the two gallons or so of solution is poured into the 
bucket and hoisted to about 4 feet above the level of the bath. Spraying 
is begun and as soon as the surface of the mass has been covered the 
surface layer is raked to me end and spraying is continued, This goes 
on until all the mass has oeen raked into a jiile at one end of the bath. 
The pil6 is then turned over to expose the mass at the bottom, which so 
far has not been covered. By this time the first half of the solution has 
probably run out. The second half is then put in and spraying is 
continued, t^e rake being driven evenly through the mass from one 
side to another in a regular manner until all this solution has also been 
used. At the finish the mass should appear wet. It should be turned 
over with the rake for about five minutes after spraying has finished 
and allowed to remain on the trays for at least eight hours before removal 
to the converters. * 


Riling the converters.—The percentage of platinum used at Queen's 
Ferry is 0*3 for the upper three layers of the converter and 0-35 for the 
top*iayer. These percentages are on anhydrous magnesium sulphate. 
In one case the richer layer was placed at the bottom* but no difference in 
conversion between the two converters of this set has so far been noticed. 

Before filling, the inside of tfie converter* is thoroughly cleaned out 
with wire brushes, and a current of air is blown through to remove 
alf dust. The bottom perforated plate is then put in and about 200 lb. 
of coarse unplatinised material (oversize from the crusher) is sjrread out 
on it. This forms a layer about 2 inches deep and lessens the risk t)f 
platinised mass fdling through the holes in the plate. 

As the mass is platinised it is stored on the, spare trays in the 
platinising room in lots of 2,200 or 2,400 lb., and is removed from them 
as required in ena mSlle d iron buckets. 'These are hoisted into the 
converter by means sT^rope and pulley. Great care is taken to secure 
ail evenly distributed and level layer. A small iron rake js useful for 
this4 the final levelling can be done with the flat of the handle. * 

The ^ttom layer being complete, tfie baffle plate and its trestle 
are pnt in* Filling of flfc second and third layers proceeds in the same* 
way, except that no oversize is used. Beftre filling the.top layer, how¬ 
ever, the Jrestle which is* to carry the uppermost perforated pMe must 
he put in, as it cannot b% •afterwards inserted through the manhole 
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without rempving one of the quadrants of the piate on which the top 
layer is to rest. 

The weights of mass filled in have been in. general as follows:— 

« ^ f 200 Ih. oversize on bottom plate. 

ijOtoOrn if ^ 11 /-X 'te 

^ 12,350 lb. 0*30 per cent. 

Second layer 2,550 lb.") 0- 30 per cent, anhydrous mass plati- 
Third layer 2,550 lb.) nised =9,000 lb. 

Top layer ^ 2,5.501b. 0-35 per cent. 

On the uppermost perforated plate about 180 lb. cf ordinary 
unplatinised mass are placed, to act as a coarse filter to the incoming 
gas. 

With this filling, the depth of layer is in each case about 17I inches; 
from the top of the layer to the upper surface of the baffle plate above it, 
should be about 81 or 9 inches. 

When in the converters the contact maf i is dried by means of hot 
air. It is then ready for use as a catalyst. 

The qualities desired in the finished mass are :— 

(1) Tensile strength as high as possible. 

(2) Pieces of uniform size. 

(3) Uniform distribution of the platinum. 

(4) Platinum deposited as completely as possible on the 
surface of, and not inside, the pieces. 

(5) Not too porous. 


Recovery and purification of maKnesiom sulphate and ptetinum from old 
contact mass.—The dissolving tank (capacity, 1,400 litres) is three- ' 
quarters filled with ordinary water, and a sieve made from a carboy 
cradle lined with wire gauze (28 mesh to i inch) is lowered into 
the tank by means of a pulley until half submerged in the water. This 
sieve retains the larger particles of iron scale, &c., while allowing the 
platinum to pass through. The contact mass is then placed in the 
sieve by buckqtsful, and as the MgS04 passes into solution more is added 
until 120 kilos (approx.) are dissolved. The sieve is then hoisted out of 
the solution, which is then allowed to stand for at least three days. 

At the end of that time the insoluble matter has fallen to the bottom of 
the tank, beneath the level of the tap from which the clear liquid is drawn^ 
off into a lower tank, where a further settling of three days is allowed. 
From this tank it is run through the tap into a lead-lined box, in which 
it remains for two'days. 

Purificafion of the tnn gnBsinm sulphate.—The solution is then syphoned, 
without dikurbing the lower stratum of the-'fiaid, into a wood-lined 
box, which is fitted with steam and air pipes. After being heated by 
steam, to a temperature of 60° C., magnesium oxide (10 kilos apnrox.) 
is placed in a suspended ^ieve (five meshes to i inch) as in the 
case of the first dissolving tank, and .the whole agitated wkh air until 
a sample of the filtered fluid gives an alkaline reaction and shows no 
precipitation or colpuring with HgS. Steam.and air are then shut off* 
and the liquid allowid.to settle. After ?4.fiours the MgSO^ solution is 
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usudly clear, when it is decan^ted jnto an egg and blown to a feed box 

pl^t. ^‘he lead lining of this box is painted with 
black enamfel. from the box‘the solution is run into a sefies of coal- 
concentrating pans, five in number, and when a film 
a^ppears^on the surfa,ce of the front and hottest pan tie contents of that 

‘^^^tallising pan, where on cooling MgSO. 
7H2O crystdhses out. The crystals are drained andjieated on a cast? 
iron pan wh^e water is driven off until a hard masS containing 13 to 
16 per cent, H^O is formed. This is removild and'broken in a icrushing 
machme into pieces of the requisite size. Dust and particles too small, 
for gradmg are made into a paste with MgS04 solution, and dried 
the cas ^-iron pan in the same manner as the crystals. ^ • 

^cation 0! platoim--When the clear fluid is drawn off from 
the dissolving tank, it is again filled up with water, and the process 
of solution continues (i2c,y lidos, (approx.) of contact substance being 
dissolved at each operatic^ until a comidcde shelf has been broken up 
The insoluble matter remaining at the bottom of the tank is washed 
twd or three times with water to remove MgSO^, and finally run through 
the lower faucet, which is fitted with a rubber pipe closed by a brass 
clip, into an earthenware crock (200 litres cajiacity). This crock is 
placed in a steam-heated water bath and its contents treated for 
48 hours with strong commercial hydrochloric acid at as high a tempera- 
(,ure as possible, at the same time being agitated with air. 

It is then allowed to cool and settle, when the hydrochloric acid 
solution is syphoned off into a larger crock (400 litres) in which scrap 
iron is constantly kept. The crude platinum mass is washed repeatedly 
with water until the washing are comparatively free from soluble Fe. 
(Owing to the slight solubility of platinum black in hydrochloric acid 
under, certain circumstances, and to the possibility of free chlorine in 
commercial acid, in all cases where platinum—whether impure or other¬ 
wise—is treated with hydrochloric acid, the washings are subjected to 
the action of scrap iron, whereby any platinum,which may be in solution 
is reduced by hydrogen, thrown down and collected.) 

• The crude platinum mass is then treated with hot aqua regia, at 
the same time being agitated by air until the residue which remains 
undissolved shows no platinum. On settling and cooling the deaf 
solution is sj^honed into porcelain basins, while the residue is washed 
in filter until free from PtCl4. The clear solution and washings are 
concentrated to a small bulk on a steam bath, 30 c.c. of 90 per cent, 
plphuric acid being a/ided to remove lead. The concentrated fluid 
is then transferred to bath, where it is dried—additions of hydro¬ 

chloric acid being made until the resulting dry mass is free from nitric 
acid. This mass is then dissolved in water, filtered,' hydrochloric acid 
added to th^ clear solution, from which tlje platinum is then removed 
by the action of scrap jfon (wrought iron rails). The platinum black 
is collected and boiled iv!th strong hydrochloric acid on a sand bath . 
until only traces (less than -3 per cent.) of iibn remain undissolved. 

In practice it is found impossible by the action bf boiling concentiated 
hydrochloric acid to remove* kon entirely from'platinum black Kn this 
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form. Hence the necessity for the subsequent precipitation by ammonium 
chloride by means of which it is possiole to remove the residual iron 
completely. ^ , 

It is thefi washed with water until free from chlorine, dissolved 
in pure aqua regia, again dried and freed from nitric acid, dissolved in 
water, acidified with hydrochloric acid, and precipitated with ammonium 
chloride. The (NH^'^PtClg is allowed to settle and, after the super¬ 
natant fluid has been syphoned off, is transferred to a Buchner fvmnel, 
where it is washed with 5 per cent, hydrochloric acid solution until the 
filtrate is free from iron. The precipitate is then dried on the sand bath, 
and*.ignited in a fireclay crucible in an atmosphere of‘sulphur dioxide. 
The resulting pure spongy platinum is weighed and dissolved in aqua 
regia, and its solution, freed from nitric acid, iy ready for the preparation 
of contact substance. 

The iron scales, &c., which are retained by the sieve on solution 
of the magnesium sulphate in the first dissolvii^g tank may still contain 
a little platinum, most of which can be removed by washing it in small 
quantities in a basin with a constant stream of water. The whole is 
agitated, and the lighter and smaller particles, representing the platinum, 
are allowed to pass with the overflow water into one of the settling tanks 
from which it may be collected on settling. The heavy portion remaining 
in the basin is rejected. 

From time to time, say, after two or three shelves have been treated, 
any matter which may have collected in the bottom of the lower settling 
tanks is washed out and the sediment placed in the top dissolving tank. 

The hydrochloric acid washings of the (NH^jgPtCle precipitate 
obtained in the second stage of platinum purification arc treated with 
scrap iron, and the platinum black precipitated is added to the platinum 
belonging to the next shelf before purification. 

Separation of iridium and platinum.—Where a shelf has originally 
been impregnated with solution of platinum and iridium scrap, the 
presence of iridium is first seen from the difference in colour of the 
precipitate on adding ammonium chloride to the platinum solution. 
Ammonio-platinic chloride, (NH4)2PtCl6, unmixed with iridium, is of 
a lemon yellow colour, while, if iridium is present, the colour is a light 
reddish brown. As ammonio-platinic chloride is less soluble in hydro¬ 
chloric acid than the corresponding iridium salt, the latter may be 
partially removed by repeated washings with hydrochloric acid, 5 per 
cent., when the amm'onio-platinic chloride approaches more to its normal 
colour. On concentrating a sample of these washings a cherry red 
substance is deposited, showing a large proport20ifeAEd^(NH4)2lrCl8. 

The whole of th§ hydrochloric acid washings are treated with scrap 
iron, and the iridium is thrown down as a black precipitate which d^o 
contains platinum. To remove the last trace of iridium from the 
ammonio-platinic chloride after washing as abo7e with dilute hydro¬ 
chloric acid, it is netessary tojiissolve the whole in as small a quantity 
of hot water as possible. The solution is evaporated to a fifth of its 
bulk, anc^ on cooling 83 per cent, of the original platinum crystallises 
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out as (NH4)2PtCle, while the iridium salt, being more soluble in 
water, remains in solution, and may be removed as iridium black on 
adding scrap iron, , 

■t 

Chemical Control 
* 

Pereratage conversion.— The percentage conversioA ol SOg to SOg 
is estimated by determining the percentage of SO, in the gases 
entering and leaving the converter. The Reioh method is used, viz. 
taking a known quantity of standard iodini solutv)n and bubbling the 
gases through until all the iodine is reduced, using starch pas\e as an 
indicatorwhen corrections are made for temperature and pressure* 
this method gives fairly accurate results. ^ 

A'Tnore accurate but longer method is employed as a clieck on the 
above. Vacuum bulbs of a. known capacity are taken, filled with the 
’ gas under examination and the SOj content absorbed in a known volume 
of standard iodine soIutioiV the amount of iodine used is obtained by 
titrating back with sodium^thiosulphate solution, and from this the SOj 
prqpent can be quickly calculated. 

^ With the SPa m the entrance and exit gases to the converter 
"determined, the percentage conversion is tluui a matter of arithmetic. 

It must, however, be remembered that a reduction in volume takes 
place in the cohverter according to the equation— 

2SO2 + O2 = 2 SO3 
• 2 Vols. + I Vol. = 2 Vols. 

When this correction and corrections for temperature and pressure 
are made this method gives very accurate results. * 

Moisture and acid mist.- —Moisture and acid mist in the gases are 
estimated by aspirating a known volume through tubes containing 
cottdh wool and phosphorus pentoxide. Cotton wool filters the mist 
from the gases and P2^6 absorbs the moisture. * 

Chlorine. —Chlorine in the gasos is estimated by bubbling the latter 
through distilled water from a i/6th orifice for a perio*d of 24 hours 
continuously, boiling off the sulphur dioxide and precipitating the chlorine 
as silver chloride; the amount of chlorine present is too small to obtain 
^any accurate quantitative figure. 

Arsenic.—It has never been possible to find arsenic in the gases 
entering the converters, this is to be expected seeing that arsenic is not 
found in the sulphur used; nevertheless, a sample of tlie calcined sulphate 
mass, taken from a uAit which had been running for 10 months, on 
analysis contained 50 jjaitfe 6f arsenic per million. 

„ The sample was taken from the first tray of the ponverter, and it is 
presumed that acid mist had acted on the iron vessels and tubes, which 
generally ijontain arsenic, thus making ASH3, which would burn to 
arseniqps oJtide and combiji’e withJMgO in the calcined^mass. 

• Waste gases.—I. The gases leaving the absorptiqn towers are 
aspirated through bottles’ eontaining a known ’cyaantity of standard 
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alkali together with a little hydrogen peroxide. From this the total 
acidity can be -calculated. 

2. The sulphur dioxide in the waste gases is estimated by the 

Reich method. ' 

3. The dififerenc.3 between i and 2 gives the amount of sulphur 
trioxide in the waste gases. 

4. The volume,of gas is fairly accurately obtained by calculation, 

from the tons of sulphur bur^;it and the percentage of sulphur dioxide 
in the gasos entering the converters. Correction being made for the 
elimination of 2-5 per cent, in the purification system. .. . , 

•SUi^PHUR DIOXIDE LOSSES IN P,URIFICATION ’ 

Originally, at Queen’s Ferry, these amounted to lA per cent, of 
the sulphur burned. 

This quantity was reduced to 0‘4 per cent.^by covering the receiving 
tanks above and below the scrubbing towers wkh light wooden covers. 

In tliis way the vapour pressure of the sulphur dioxide,,in the 
stagnant gas above the surface of the acid in the tanks was maintained 
at a comparatively high ligure and losses were consequently reduced. 

It has also been shown that as far as the middle and strong tpwers 
arc concerned an acid flow of 10 tons per hour suffices. 

The sulphur dioxide required to saturate this quantity of acid is 
obviously half that required to saturate a flow of 20 tons or more 
per hour. 

Reduction of the quantity of acid will therefore bring about a 
n corresponding reduction in sulphur dioxide losses. 

By drying the secondary air before admitting it to the system a 
further reduction in the quantity of acid in contact with sulphur dioxide 
will be effected, and this in turn will still further cut down sulphur 
dioxide losses. • 

Report on the appearance of a Grillo unit at H.M. Factory, 
Queen’s Ferry, after fifteen months continuous work 

Unit 3 was closed down and each section of the unit was opened up 
and examined, we summarise the results of the examination. 

Burners [chequer work ).—Slight deposition of iron oxide. The 
quantity of this was too small to cause any obstruction of the gas flow, 
and it was obvious ^that the burners coulS run for two or three years 
without any trouble "from blockage of the chequer work. 

Burners i, 6 and 12 were opened up and ej^amined and were all 
found to be quite clear from dust or blockage d! Siyjkind. 

Heaier-c<^ler and flues .—^Very little deposit was found here—a 
scale apiproximately I inch in thickness had been formed on ihe heaver- 
cooler jpipes and this was removed. ' - 

<1 Pressure equaliser and blower .small quantity of slime' was 
found in this part of the system and this was washed out, first with 
water and then with a ^lightly alkaline solution.' 
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The slime was probably formed during the period when acid mist 
was one of the chief troubles? ’ ,, 

Heai-ucchan^er .—^This wai perfectly dry and freje from ^ime. 

Conveners .—^The top layer of unplatinised mass was perfectly 
dry, and on testing showed 30 parts arsenic. pfer *million. This ,was 
replaced by fresh unplatinised mass. 

A smml sample was taken from the first platinised layer and' gav* 
10 parts arsenic per million. i ^ 

At one period during the running of Ihe unit, small quantities of 
arse'nic were detected in the sulphur dioxide cooler drips, so that ^e’ 
sulphur lias apparently contained traces of arsenic which, howewr, 
have’tysver been detected in, the control analysis which are always made 
on fresh consignments of sulphur. 

The unit is once more in operation with a 95 ■ 8 per cent, conversion 
on a 70 lb. charge. . 

It is evident, therefor^ that in spite of rough treatment during the 
earlier stages of operation of the Giillo, the plant is in perfectly sound 
conditiorf after 15 months work. 

* Report on thermal values and efficiencies on a Grillo plant 


Section L—Burner balance. 

" A Unit ” run on 70 lb, charges. 12 burners. 

Heat generated per hour :— 

(1) From sulphur burned to SOj— 

70 X 12 X -99 = 832 lb. pure sulphur burned per hour 
S f O2 = SO2 H- 71,080 cal. 

.•. 71,080 cal. are liberated when 32 grms. of sulphur are 

burned, i.e., X 832 = 1,848,000 C.H.U. are 

32 

liberated per hour at the burners when 832 lb. of 
sulphur are burned to SOj. ' * 

(2) From SOg burned to SOj— • 

2 per cent, of total SOg, i.e., 832 x ^ X -02 = 33-3 lb. 


SOg, are converted to SO3 at the burners, giving 
41-6 lb. SO3. 

SOg -+ 0 = SOa + 20,820 cal. (Berthelof). 

.•. 20,820 G.H.U. are liberated when 641b. SOg arp converted 
toSpf* 

Hence 33-3 X = 10,850 C.H.U. ^re libepated when 
64 

33 ’ 3 lb- SOg are converted to SO3 at burners. 

Hence totad h6at generated at burners is ^i) -t-- (2), 

= 1,848,000 +10,850“ 

- 1,858,850 C.H.U. per hour 
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Heat removed or lost at turners.—SOg ^orms 8'5 per cent, by 
volume of the burner gases. The density of SOg compared to that 
of air is 2 • 26. . , 

Hence SOg percentage by weight is— 

, 8-5 x ' 2‘'26 I 9-2 

= H0-7 =P*”-“”»• 

There is, therefore, per hour, of burner ga.ses— 

SOg 1,631 lb', sped.fie heat at constant pressure, O’lS^. 
50341-6 lb. specific heat at constant pressure, o:i 3 y. 

163 1 X 82-7 

17-3 


Air. 


= 7,800 lb. specific heat at constant ^ ” 

pressure, o-243- 

Moisture in air, 45 lb.; from crude sulphur, 5 ib.; total, 50 lb. 
Specific heat of water vapour, 0-473: latent/ieat of evaporation, 537. 

(Specific heats taken as far as possible for range 0-600° C.) 

The temperature of the burner gases is about 595° C., atmospheric 
temperature is taken as 15° C. 

Hence we have heat absorbed by burner gases is— 


(1) By SOg = 1631 X 0-154 X 580 = 

(2) By air = 7800 X 0-243 X 580 = 

(3) By SOg = 41-6 X 0-137 X 580 = 

(4) By water vapour = 50 x 0-473 X 580 = 

(5) To evaporate 5 lb. water at 15° C. = 5 x 622 = 


C.H.U. 

145,700 

1,099.300 

3,300 

13,700 

3,100 

1,265,100 


Eliminating heat required for volatilisation of moisture (5), we have 
heat required to produce a temperature rise of 1° C. over this interval 
(0° - 600° C.) 

_ i,265,doo - 3,100 1,262,060 

- 585 -= -^ 85 - = 


Heat balance at burners. 


Produced or received. 

C.H.U. 

1. Combustion of ,sul- per hour. 

phur to SOg - 1,848,000 

2. Conversion of SOg to 

SO3 - - 10,850 


1,858,850 


Removed or lost. 

C.H.U. 

1. Carried away by per hour. 

burner gases - 1,265,100 

2. Radiated 'by brick- 

worlc, St.',f&c. - 593,750 

. 1,858,850 


Loss of heat through brickwork of burners '=«593,750 C.H.Tj. 
Total surface affea of bunyirs = approximately 2,000 square feel. 
.'. Heat lostrper square foot per hour = say, 300 C.H.U. 

(This is a high fi^’-e^d the burners hav^ since been lagged.) 



thermal values 


Section 8.—^Heatai>oooler baUmoo. 

^^*590“ C. and 

iv.t'^L«+ shown in section i» above that 

the heat required per hour to produce a temperature difference of 1° C 
m the burner gases is 2,174 C.H.U. . • • 

Hence heat given up by burner gases = 2,174 X.314. 

. = 682,600 QfH.U. per hour. • 

Heat taken up hy purified gases.—Purified gdSes enter at^iqi" C. 

C. The pure gas consists of the SOg pro- • 
duced at Ue burners (1,631 lb. per hour) mixed with air to fornna 
5 perVjgnt. mixture by volume. • • 

Weight proportion oi SO, = - ^ 10-38 7, 


Weight of air per hour^ ^ 


5x2-26+95 106-3 


10-38 14,100 lb. 

Heat taken up per hour, for a temperature rise of 136“ 

• C.H.U. 

By SO21,631 X 0-154 X 136 34,190 

, By air 14,100 x 0-243 X 136 = 466,000 


C. is- 


Total = 500,200 

From which it follows that the heat required per hour for a difference 
3f i" C. in these gases is = 3,680 C.H.U. 


Heat balance at heater-cooler. 


Heat given up by burner 
gases - 


C.H.U. 

C.H.U. 

per hour* 

, per hour. 


Heat absorbed by pure 

682,600 

gases - - - 500,200 


Heat lost by radiation. 


&c. - - - 182,409 

682,600 

682,600 


Thermal efficiency qf heater cooler = == 73’4 cent. 

Total surface of caSWon pipes in heater cooler— 


48 pipes of 6 ^ inches external diameter ancf 23 feet»long. 

I 6*'^ 22 * 

Surface =48 X 23 X —^X —*= 1,880 square feet. 

V ^ 12 7 ^ 

^1*880° ~ C.H.U. per square 4 oot of cas*t-irpn surface 

per hour. 
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Total area,.of brickwork of heater cooler— 

1,200 square feet (top and 3| sidps). , 

'Heat lo^t per square foot per hour of brickvJork 
' '• - 682,61)0 - 5 00,20 0 
~ 1,200 

= 152 C.H.U. 

Section 3.—Sulphur dioxide coolers. ' . 

V 

The burner .gases are cooled from 276° to 20° C.; fall — 256' C. 
It was found above that the heat which mUst be abstracted per hour 
to produce a temperature difference of i'^ C; is .2,174 C.H.U. Hence, 
heat removed at coolers = 2,174 256 = 554,500 C.H.U. 

The heat given up by condensation of ^"team and formation of 
HgSOj, &c., at this point is small, and is neglected. 


Section 4 .—Heat-exchanger. 

Heat gained by purified gases. —The purified SOg gaoes enter at 
20“ C., and leave at 194° C. Rise, 174° C. It is seen from Section 2 
above that the heat required per hour for a rise of 1“ C. in these gases 
is 3,680 C.H.U. Hence— 

Heat gained by purified gases = 3,680 x 174 — 640,500 C.H.U. 

Heat given up by SO3 gases. —The gases entering the converter 
consist of 1,631 lb. SOg and 14,100 lb. air per hour. Assuming 96 per 
cent, conversion, the following gases leave the converter :— 

C.H.U. 

65 lb. SOg of specific heat at constant pressure 0-154 — 10 

1,9571b. SO3 „ „ „ 0-137= 268 

13,709 lb. air ,, ^ „ „ „ 0-243=3,333 

3.611 

' The heat required per hour to i)roduce a temperature change of 
1° C. in these gases is therefore 3,611 C.H.U.; the gases enter the heat 
exchanger at 420° C. and leave at 280° C.; fall, 140° C. Hence the 
heat given out by SO3 gases = 3,611 x 140 

. = 506,000 C.H.U. '■ 

There is practically no loss from the heat Exchangers, and the 
apparent gain is probably due to error in pyrometer. 

The value for the heat exchanger is taken as the mean, 575,000 C.K.U. 
- External exchangers = 1,240^ square feet. 'J 

*■ *^73 000 ^ ' 

.-. Thermal value of'tubes = ~ 4 ^° C.H.U. per square 

. ■ ’^40 , , foot per hour. 
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8eoti(^ 6.-r0onverter balance. 

(a) Gases entering Converter. , 

These are &.t a temperature of 330° C., and carfy (see section 2 above) 
330 X 3,680 C.H.U. = 1,214,000 C.H.U.' 

(b) Heat of Conversion. 

- Assuming 96 per cent, conversion, ifibb lb. Sbo are converted to 
SO3 per hour— j ’ , 

Heat liberated (see Section i) = ^ ^* 5 ^^ 

' = 510,000 C.H.U. 

• (c) Gases leaving Convsfi^* 

e at a temperature of 420“, and carry therefore (see 
sec. ... m 3,611 X 420° = 1,516,000. 

• The balance, therefore, is— 


Heat hr ought in and produced. Heat removed and lost. 


C.H.U. 

C.H.U. 

per hour. 

per hour. 

By gases entering con¬ 

By exit gases - - 1,516,000 

verter - - 1,214,000 

Lost from converter - 208,000 

By heat of reaction - 510,000 


1,724,000 

1,724,000 


• The total surface presented by two converters is as follows:— 

A cross-section near the top gives diame^er 7 feet 6 inches -f- 
9 inch brick ■{-18 inch JCieselguhr = 9 feet 9 inches ; near 
the bottom, 7 feet 6 inches +* 18 inch» brick + 9 inch 
Kieselguhr = 9 feet 9 inches. Total height, 14 feet. 

Sq. ft. 

.-. Surface of brickwork = 9-75 -f 3‘14 X 14 = 429 

Area of cover (9’75) X ‘7854- - = 75 ' 


t 


Total exposed surface of i converter 
Total exposed surface of 2 converters - 


loss of hfitf per square foot per hour— 


208,000 

1,008 


208 C.H.U. 

) 


J 


= 504 

= 1,008 


Eig. 25 gives a thermal effieiency chart of the working of one unit; 
of the Grillo plant ^ ahnve results were recorded 

and calculated, 
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Calctjlations involved in riE Design of the Plant 

In the following pages are given from.page 78 to page 93 calcula¬ 
tions made before the erection of the plant to ascertain the quantity 
of heat which would have to be dealt with by the coolers in the Grillo 
absorption sj^stem, ana from page 93 to page loi another set of 
calcuations to determine the size of cooler required for the absorption 
system in another plant. 

Pages 102 to III comjuise a report on the thermal effects in the 
absorption system at Queen’s Ferry determined practically and calculated 
theoretically from first principles. Pages iii to 119 comprise a similar 
report on the srune portion of the plant at Avonmouth and a coniparison 
of the results obtained there and at Queen’s'Ferry. 


Calculations for determining the qu.\ntity of Heat to be 

DEALT WITH BY THE COOLERS IN THE GrILLO ABSORPTION SYSTEM, ALSO 
THE QUANTITY OF ACID TO BE PUMPED OVER THE TOWERS 

The following calculations are based on the assumption that the 
crude sulphur stoked into the burners is 97 per cent, pure whilst the 
conversion of SOg to SO3 is 95 per cent. 

SO3 produced per 100 lb. of crude sulphur burned will therefore be :— 

100 X ’97 X ^ X *95 = 231 lb. 

98 per cent, acid production. —Each unit of absorption plant consists 
of six absorbing towers with the necessary circulating acid tanks, 
pumps, pipes, coolers, &c. The strength of the circulating acid to 
all towers must be maintained at approximately 98 per cent., at 
which strength sufphuric acid has its greatest affinity for SO3, whilst 
the feed acid or water is added to the system in its exact proportion 
to the SO3 to make 98 pei cent. acid.' 


Cooler 



ank. 


Fjg. s6. 
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.•. The total feed acid required per loo lb. sulphur burned will be 

as follows:— ~ , ' 

Table i. ' —, 

Acid required per 
joo lb. crude sulphur 
burned to produce 
98 pe r cen t. TIjSO^ 
lb. 

57-8 

149 ' 

171 
'200 
243 


Strength of feed acid 
per c ent. H ,SO, 

o(= water) 

60 

65 

70 

75 


strength of feed acid 
per cent HjSO^ 

8g-' 

85 
,88 
. 90 
95 . . 


Acid required per 
100 lb. crude su'phur 
burned to p^duce 
98 pe r cent HjSOi 
■ lb. 

' 314 

435 

552 

700 

1.850 
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For water feed^ 

98 per cent, acid = S'b per cent. SO3 + 20 per cent. Vater. 

. ' >20 

water required per 231 lb. SOj = 231 X g» • 

= 57 >8 lb. per 100 lb. crude sulphur burned, 

Heat produced during absorption per 100 lb. crude sulphur burndd 

= 231 lb. SO3. ' , • • 

When calculating the heat given out during absorption it will be 
assupied that 100 per cent, acid is being made’, in which ease the 
thermal equations ■* 

(i) SO3 gas -► SOa liq. 9,560 C.H.U., and 
• (2) SO3 + HjO ^ IJ2SO4 -I- 21,320 C.H.U. can bfe uSed. 

These quantities of heat are by far the largest involved, and will 
• be the only ones conside>s;d in these calculations. 

(1) Heat of liquefactii^n of 231 lb. gaseous SO3 

9560 X _2 3 i ^ ^ jj U 

80 ' 

(2) Heat of combination of 231 lb. liquid SO3 

with H ,0 ^0— = 61.600 C-H'U. 


Total = 89,200 C.H.U. 


cw 


§9*200 _ C.H.U. per i lb. of SO3 gas combined with water. 

The heat generated in the absorption towers will therefore be 
§9,200 C.H.U. per 100 lb. cnide sulphur burned. 

Amount ol acid to be pumped over 

98 per cent, strength sulphuric acid attains its i«aximum J 

absorbing power, for SOa, and ,it is /lierefore essentid 
circulating acid fed to the towers shou d be S on 

98 per cent, acid, if kept fairly cool, has very ,, , . ^bove 

cast iron or steel but if 

X s?rengft rise above 99S Pe* cent .0, say I « 
then effect on either cast iron or steel becomes very p pes. 

pumps, towers, &c., will be ruined in a very . P - 

It is therefore of the utmost importance that the 98 per cenL acia 

the*plant wUl be extremely high. 

Now I lb. of 98 per cent, acid is com^sed of 
• 0-8 lb.^S.p3 + -2 lb. Up 

arfd I lb. of 99-25 peT cent, hcid contains 

0-8102 li). S 03 fo-i 8 fJ>-^H^ ^ 
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but in I lb. ,of 98 per cent, acid ther^ is already 

0-8 lb. SOj .•. SO3 to be added to i lb. of 9$ per 
cent, acid to produce 99*25 per cent, acid = 0*8537 — o*8 i= 0*0537 

or — 18*62 1^_. 98 per cent, acid per lb. of SO3 absorbed. 

SO3 evolved per 100 lb. crude sulphur burned = 231 lb. 

: *.■. feed required to towers = 231 X 18*62 

= 4,300 lb. 98 per cent, acid per 100 lb. crude sulphur burned. 

At "Queen's Ferry and Gretna each unit is equipped with 12 sulphur 
burners, each of which is capable of burning up +0 100 lb. of crude 
sulphur per hour, that is, e.ach unit can bum 1,200 lb. per hour. ^ 

The ainodnt of feed acid to the towei:s will then be as fol’ows for 
various burner charges:— 

Table 2. ^ 


Crude sulphur 
per burner 
per hour. 


Crude sulphur 
burned per unit 
per hour. 


98 per cent, circulating acid to tower* per hour. 


Founds, Tons. 



15.480 

20,640 

25,800 

30,060 

26,120 

38,700 

41,280 

43,860 

46,440 

49,020 

51.600 


Table No. 3 gives the weight of SO3 made and heat produced b] 
absorption of various charges of sulphur burned. 



Table 3 


Crude sulphur stoked per hour, 
lb. 


Per burner. 


Per unit. 



SOj produced per Grillo 

Heat evolved during absorj 

unit per hour. 

tion per unit per hour. 

C.H.U. 

lb. 


832 

I,II 0 ‘ 

1,386 

321,000 

428,000 

535.000 

1,662 * 

642,000 

1,940 

740,000 ' 

2,080 

• 803,000*; 

2,220 

. 2.366 v 

.§56,000 

910,000 

2,490 

964,060 

2,630 

1,016,000 

2,770'' 

< 

1,070,000 
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The evolution of heut during absorption will raise the temperature 
of *the circulating acid in it% passage dojvn the absorption tower, the 
rise in temperature being constant for all burner charges providing that 
the amount of acid passing down the towers is kept in its proper 
proportion to the charge as given in Table No. 3. ' ' 

Examining the heat produced by 100 lb. charges and assuming 
that the iVhole of the heat is taken up by the circujating acid (that k, 
neglecting the heat imparted to' the outgoing ^ases, and radiation). 
T^le No? 2 gives 51,600 lb. of 98 per cftnt. acid passing aftd a heat 
evolution of 1,070*000 C.H.U. per hour. 

’Specific heat of 98 per cent, acid = 0-34 

TTien rise in temperatul-e will be— 

= 6i-5° C. 

If the temperature of the circulating acid in the tanks is maintained 
at 25° €., then the temperature of the acid from the towers at the 
entrance to the coolers will be 61-5 +25 =86-5° C. 


v i,o 70 ,ooo 
^^>6oo X 3 


Acid Qboler. 

The cooler will be arranged on the evaporative principle and will 
consist of a long length of 6 inch internd diameter cast-iron pipe 
* I inch thick. 

The surrounding air temperature about the cooler will be assumed 
to be approximately 20° C. . 

When running 100 Ib. charges the amount of acid to be cooled— 

= 447 cubic feet per hour. (From Table 2.) 

= O' 124 cubic foot per second. 

Cross-sectional area of 6 inch pipe = O/196 square foot. 


Velocity of flow = 0-632 foot per second. 

. (The available head is sufficient to give a velocity exceeding 0 • 632 foot 
per second.) 

From Table 3 the heat to be absorbed by cooler is 

= 1,070,000 C.H.U. per hour. 

= 297 C.H.U. per second. , 

Pumping equipment.—Acid to be circulated over towers when 
burning 100 lb. charges , • " 

= 447 ciibic feet per hour. 

* = 0-1242 cubic foot per second. (FromTable 2 ?) 

•Heigid; of lift including pipe friction, aay = 3^ ^eet. ^ 

If g^^inch rising rAgihs frop pumps be used, then area of cross-^ 
section of pipe = 0-0272 square foot, and velocity of flow 


0-1242 - 

0-0272 


= 4 ) 4; 56 feet per second- • 
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This velocity is also for clean pipes, and if inch pipes are used 
the flow will decrease as the pipes become foul; it will be wise, therefore, 
to use a larger rising main, say, about 4 inches diameter,'which will 
give a velocity of 4-55 X = i'42 feet per second when pipes are new, 

For pumping the acid over the towers, 2 inch vertical centrifugal 
pumps will be used which have a capacity of about 5,000 gallons per 
hour when running at 1,400 r.p.m., and working under 40 feet of head, 
on which basis one'pump is ample for the purpose. 

The power required for each pump when working at the above duty 
will be about 6-5 h.p., and therefore ']\ h.p. totally enclosed motors to 
allow for belt losses, &c., will be needed. 

Production of 20 per cent, oleum.—By a slight modification of‘]piping 
and coolers, the absorption plant can be made, to produce 20 per cent, 
oleum instead of 98 per cent, sulphuric acid. The modified arrangement 
is as shown in Fig. 28. ' 



SOj, gas enters bottom of No. i towers and passes through the 
three towers in series, the waste gas from No. 3 towers being led to 
atmosphere similar to the flow when producing 98 per cent. acid. “ 

In front of the absorption towers there are three circulating acid 
tanks : No. i containing oleum, and Nos. 2 and 3 containing g8 per cent, 
acid. From No. 2 tank 98 per cent, acid is pumped over towers 2 and 3, 
the acid leaving the towers at 99-25 per cent, strength, being led 
ultimately through a 6 inch pipe to the 98 pfr tent, acid cooler as before 
described" for 98 p^r cent, acid production. After passing through the 
cooler the cold acid is brought back to tank No. 3, from whence it flows 
to tank No. 2 to be again pumped over the towers. The feed acid 
required to produce 98 per cent, acid from the SO3 available in towers 
2 and 3 must enttr the system at a point between the tower outlets 
and the cooler inlet in order that the heat of dilution of the circulating ' 
acid from 99-25 per'cent, back to 98 per'cent, may be absorbed or 
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abstracted by the cooler before the acid returns to the tanjis for further 
circulation round the towers.' 

* It is eViden,t, however, that if feed attd is continually entering the 

circulating system, and 98 per cent, acid is being continumly made, that 
some arrangement must be made for passing lhe»excess acid on to the 
oleum system where it can absorb a further amount of SO3 to produce 
the 20 per cent, oleum which is required. *, • , 

The easiest way to accomplish this is to allow the*excess 98 per cent, 
acid from tanks 2 and 3 continually to overflow iftto No. i tank, which 
contains the.oleum.for No. i tower circulation. 

This method, however, has the serious disadvantage that the wlwle 
of thejheat developed duripg the mixing of the 98 per*ceift. acid with 
the oleum takes place in the tank, and consequently the pumps have 
to deal with warm acid, Jivhich is, of course, bad practice. This, however, 
is not so great a disadvn'ptage as the fact that warm oleum will be 
pumped to the top of the towers to absorb the incoming SO3. Now 
the vapour tension of oleum increases very rapidly as its temperature 
rises, and consequently the higher the temperature of the oleum being 
•fed to the towers the lower will be its power of absorbing the SO3. The 
temperature of the feed will, therefore, have a marked effect on the 
amount of SOg which will be absorbed to produce 20 per cent, oleum and 
the amount which will escape being absorbed in the No. i tower and 
pass on to Nos. 2 and 3 towers to produce 98 per cent. acid. This again 
lias an effect on the strength of the feed acid which can be economically 
used: thus if reference is made to Table No. 6 it will be found that if 
70 per cent, of thfe SOj can be absorbed in the No. i towers, theh feed 
acid of 93-7 per cent, strength can be economically employed, whereas 
if the percentage of absorption drops as low as 50 per cent, then the 
•limiting strength of the feed acid drops to 84-2 per cent., the volume of 
oleum produced being in the proportion of 618-8 tOj438-9 respectively. 
If the absorption plant be regarded as a concentrator, then tlie advantage 
of high absorption in the No. i tqwer is very marked, since with 70 per 
cent, absorption in No. i tower, 286 lb. of 90 per ceflt. acid can be 
concentrated to 20 per cent, oleum as against 195 '5 lb. of the same acid 
if the absorption falls to 50 per cent. 

It is obvious, therefore, that for good results from the plant, quite 

* apart from the maintenance point of view, that the feed t() the towers 
should be kept as cool as possible, and that either fresh feed acid or 
q 8 per cent, acid from towers 2 and 3 should enter the oleum circulating 
system at some point other than the circulating tank, and as near to 

the inlet to the cooler ^s pcssible. • . 

Referring to Fitt" 28 me feed acid inlet to the ^8 per cent, acid 
circulation is^ at point “ F ” and another inlet at • G I’l tlie oleum 
circwlation, and it would be an advantage therefore if the 98 pejr cent, 
make fromvNo. 2 tank could be fed in at this opening. . , » 

U sufficient fall or head can, be arranged for by,placing the 9J per 
cent, acid tanks above the No. i tank, the overflow from Nai tank can 
gravitate to inletG.” - If, however, this is not 
same end can be accomplished by takmg a pipe^rom the 98 per cent. 
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acid pump delivery at " K ” and tapping off the‘ required amount of 
98 per cent: acid to inlet " G,” the exact dmount of 98 per cent, add 
being regulated by means of a'constant flo^i? acid meter, similar to those* 
used for measurement* of fresh feed acid, ' 

Amount 0! feed 1 watw or acid required. 20 per cent, oleum == 85*3 
per 6ent. SO3 + 7 cent. HjO, which is equivalent to i part 

SPs-t'0-1723 part^ HjO. 100 lb. of crude sulphur burned yields 
231 lb. of SO3 .'. feed water required per 100 lb. crude sulphur 
burned ='39-6 lb. ^ 

Now suppose 70 per cent, acid for feed is used instejt^ of water, theii— 

* 100 parts 20 per cent, oleum =85-3 parts SO3 + 14*7 parts water. 

100 parts'70 per cent, acid = 57 part's SO3 + 43 parts water. 

SO3 to be added to 43 parts water in 70 per cent, acid 

84-3 " 

= 43 X ^ = 249 lb,- 

But 100 lb. 70 per cent, acid contains 57 lb. SO3. 

.-. SO3 to be added to 100 lb. 70 per cent, acid to form- 20 per 
cent, oleum = 249 — 57 ~ 192 lb., which is equivalent to 0-521 lb., 
70 per cent, acid per lb. of SO3. 

By similar calculation the accompanying curve (Fig. 29), showing 
the amount of feed of various strengths required per lb. of SOg to form 
20 per cent, oleum, has been plotted 
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5 ™<ie sulghw filmed yields 231 lb. of SO,, then ^e 
theoretical ^ount of feed acid of various strengths to pr^uce oleum 
irom gase^ fror^ 100 lb. crudfi sulphur will be as gjven in Jable No. 4, 


Strength of feed ndd per cent. 
H.S 0 .. 


Table 

Feed acid required per loo lb. 
crude sulphur burned, 
lb. 


• 

o'per cent, Water 
60 per cen“t. - *■ 

65 per cent. 

70 per’cent. 

75 per cent. 

80 per cent. 

•85 per cent. 

•88 per cent. 

•90 per cent. 

•^ per cept. 

*95 per cent. 

• *98 per cent. 


39-8 
96-0 
105 '3 
120 <4 

I41'2 

170-0 

214-7 

254-0 
287-0 
361-0 
434'0 
636-0 


20 per cent Oleum produced 
per 1110 lb. crude sulphur burnfd. 
lb. 


270-8 
327-0 
.■i36-3 
351-4 
372 

401 
445 

485 
318 
591 

665 
861 


“ . — -I ■ I.. I , . . 

Referring back to the flow of the plant, shown in Fig. 28, it is seen 
that in No. i tower the circulating acid is 20 per cent, oleum, whilst 
I the feed consists of 98 per cent, acid, which overflows from No. 2 tank 
together with feed water or acid which enters at " G.” It is obvious, 
therefore, that these two feeds must contain sufficient water to absorb 
the amount of SO, which is taken up in No. i tower to produce* 20 per , 
cent, oleum, whilst the remaining feed which enters at " F ” must be 
in its correct proportion to absorb the SO, which passes out of No. i 
' tower to form 98 per cent, acid for passing forward to No. 2 
circulating tank. , 

The actual amount of SO, taken up in the No. i tower has been 
shown to depend to a large extent on the qoolness of the acid passed 
down the tower, the cooler the acid the greater being’the absorption, 
btrt, generally, in a good running plant it is found that about 60 per 
cent, of the SO, is absorbed in the first towers, the remaining 40 per 
cent, being caught in towers 2 and 3, or, more precisely, in No. 2 towpr, 
since the amount of absorption in the last tower is necessarily small 
to ensure that pratically no SO, escapes absorption and passes to 
atmosphere. " » 

The actual percentage of SO, absorbed by the various towers, 
however, affects the dAstfitaition of the feed acid, and also the maximum 
strength of feed whifch can be employed. It therefore follows that the 
Tieat effect due to absorption in the two systems* will vary with the 
tem^eraturd of the first or strong tower, and the amount of hea>t to be 
absorbed'^y the 98 per^c^nt. acid cooler and the oleum cooler wiljvaty 
according to the amount of SO,* absorbed to produse 98 per cent, acid, 
and oleum respectively. 

--;-,-l_T--- - 

** See also Table No. 9 fpr values above 82-4 yer«:ent. feed acid. 
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With regard to the feed distribution to points " F ” and " G,” it 
has been seen that the total amount, when considering water feed is 
39-8 lb. water per 100 lb. clnide sulphui burned (Table No. 4), this 
amount being split up into two parts in proportion to the absf)rption in 
the towers, one partv encoring system at '* G ” and the remainder 
at " F.” 

, Now suppose the absorption in No. i tower to be Oo per cent, ol 
the SO3 produced, tlien 

SO3 a'bsorbed in No. i tower per 100 lb. crude sulphur 

barned '= 139 lb. 

SOg absorbed in Nos. 2 and 3 towers per 100 lb. crude 

sulphur burned = (^2 lb. 


231 lb. 


Sufficient water is to be added at point “ F ” to combine with 
92 lb. SO3 to form 98 per cent. H2SO4 water to be added ^ 

= 92 ^23 lb . 

Total water to be added per unit per 100 lb. sulphur burned 

= 39-8 lb. 

.. water to be added at point " G ” = 39‘8 — 23 = i6-6 lb. 

Now the feed to No. i tank consists of 

(a) 16-8 lb. water to be raised to 20 per cent, oleum; 

(h) ^2 23 --115 lb. 98 per cent, acid from No. 2 tank 

to be raised to 20 per cent, oleum. 


Then SO3 require to make oleum from 

(fl) i6-8 lb. water = i6-8 x — 97-6 lb. SO3 

i4‘ 7 

115 lb. 98 per cent, acid = 92 lb. SOg + 23 lb. HgO 
85-3X 23 
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= 133*4 lb SO3 required to form 20 per • 
cent, oleum with the 23 lb 
of water. 


{b) but .•.92-0 lb. SO3 lire present in 115 lb. 

- 98 per cent. 

41-4 lb. SUamu?,! be added to 115 lb. 

98 per cent, acid to form 
20 per cent, oleum. 


Total SO3 required for (a) and (ft) = 97-6 + 41*4 139. lb., 

which from above Is the exa,ct amount available. It therefore follows 
that if a measming device is used which will pass the exact amount of 
feed water or acid required per unit and a further instrument to split 



^ Calculations : absorption 

two streanvs. one of which is exactly suffipient to make 
m towcFs 2 and 3. then the remaining stream of feed 

to 

The amomt of SOg to be absorbed in the twcf systems for various 
percentages of absorption is shown in the following fable 


n •’ » 


t 

Table 5. 

• 

> 

Percentage of SO3 absorbed l^ No. i 
or oleum towers. ^ 

SOj .ibsorbwl per loo lb. crude suljihur burned. 

.__ _ lb. 

In No. 1. Oleum towers. ' towers to 

1 produce i/H per cent. acid. 

I 

0 ** 

^70 per cent. - 

68 per cent.. 

1 

162 

157 

1 Oq 

74 

66 per cent. - . - 

64 per cent.. 

152 

148 

79 

«3 

•62 per cent.. 

143 

88 

60 per cent.. 

130 

92 

58 per cent.. 

134 

• 

Q 7 

56 per cent.. 

I2t) 

102 

54 per cent.. 

125 

106 

•52 per cent.. 

120 

III 

50 per cent.. 

1 ^ 5-5 

• II. 5-5 


The maximum amount of oleum which can be produced will occur 
wl^pn the feed to the oleum system consists solely of 98 per cent, acid, 
and it therefore follows that the amount of feed introduced must be 
exactly sufficient to form 20 per cent, oleum from the SO3 available for 
absorption in the tower. • 

The ma.ximum strength of feed acid which can be employed 
without dilution will vary with the amount of SO,,^ to be absorbed in 
the strong towers, the greater the SOg available in these towers the 
stronger the acid may be employed, since a greater volume of 98 per 
cent, acid can be harried ift the oleum towers. * 

. ^ For various percentages of SOg absorbed in the strong towers the 

amoipnt of 9,8 per cent, acid can be calculated which can be dealt with, 
and ‘finally, the limiting strengths of feed which can be economicdly 
empWed, -^hat is, withou,t-'the addition of water. * 

■fhese values have been cdculated for varioul amounts of SOg * 
* absorbed in No. i tower from 50 to 70 per cent., th§ resillts being showm 
in Table No. 6. 
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Table '6. - 

n 


(l 

Percentage of SO, absorbed in towers. 

- , -- 

so, available in towers 2 and 
3 to form 98 per cent, add 
per 100 lb. crude sulphur 
burned. 

Limiting strength pt feed 
add which can be intro¬ 
duced without additional 
water. - ■ 

Per pent. 

„ No. I. 

^ Per cent. 

I^os. 2 abd 3. 

Per cent. 


' 30 

69 

93-7 

68 

32 

74 

93-1 

66 

34 

79 

c ‘92 v4 

64 - 


83 . 

91-8 ' 

62 


88 

91-03 

60 

40 

92 ' • 

90-2 

58 

42 

97 

89-4 

56 

44 

102 

88-4 

54 

46 

106 

87-23 

32 

48 

III 

. 85-9 

50 

50 

115-5 

84-2 


Now suppose it is desired to use 97 per cent, feed acid when the 
plant is running with an absorption of 60 per cent, in No. i towers, then, 
the amount of feed required can be calculated as follows. The available 
SO3 is based on 100 lb. crude sulphur burned. 

Then 

SOj absorbed in No. 1 tower = 139 lb. 

From Table No. 4, 98 per cent, acid required to make oleum , c 
= 636 lb. per 231 lb. SO3. 

98 per cent, acid required to make oleum from 139 lb. SO3 
= 636 X ^ = 382 lb. 

Now 98 per cent, acid consists of 80 per cent. SO3 + 20 per cent. , 
water, therefore 382 lb. 98 per cent, acid will consist of 305-6 lb. 
SO3 -f 76*4 lb. water, which of course must represent the composition 
of the feed entering the 98 per cent, circulation together with the SOg to 
be absorbed in towers 2 and 3. 

0 

SO3 to be absorbed in towers 2 and 3 =» 9? lb. 

Then SO3 which must be in feed acid will be 305-6 — 92 = 213-6 lb. ^ 

From Table No. 7, 97 per cent, acid consists of 
I lb. SOg + 0-2631 lb. water. 

.'. 213-6 lb. of SO3 ^-ill be contained iiS 

[213'-6 +, (213-6 X 0-2631)] = {213-6 + 56-2 HgO) 

■ ' , =,2^9-8 lb. 97 per ceflt. acid; 




but the water 
tewer was,76‘4 
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comjxJnent requir^ in the 98 per cent, feed to No. 

Id. * * • • 


i 

I 


.. water to,be added to 98 per cent, circulation will be. 

76’4 - 56-2 = 20-2 lb., 

and the total feed required to towers 2 and 3 become’s 
, . 269-8 lb. of 97 per cent, acid + 20-2 Ih. .water. 

nf components, for various strengths 

been calculated Ind 


• Table 7. 


Strength of feed acid 

^ 100 parts contain 

Ratio SOj to Water. 

per cent. H,S04 

SOj 

H,0 

6o-0 

65-0 

48-978 

51-082 

I : 1-0429 

.S3-059 

46-941 

I : 0-8846 

70-0 ' 

7.5-141 

42-859 

I : 0-7500 

75-0 

61-223 

38-777 

1 : 0-6332 

8o-o 

65-304 

34-696 

I : 0-5312 

82'0 

66-936 

.L3 -o 64 

I : 0-4939 

84-2 

68-733 

31-267 

I : 0-4549 

85-0 

69-385 

30-615 

1 : 0-4412 

• 

70-120 

29-88 

1 ; 0-4261 

87-23 

71-205 

28-795 

1 : 0-4043 

88-0 

71-834 


I . 0-3920 

88*4 

72-161 * 


. I : 0-3857 

89-4 

72-978 

27-022 

I : 0-3702 

90-0 

73-467 

26-533 

1 : 0-3611 

90-2 

73-630 

26-370 

1 : 0-3581 • 

91-0 

74-283 

25-717 

1 : 0-3462 

91-03 


25-693 , 

1 : 0-3457 

91-8 


25-066 

I : 0-3345 

92-4 

•75.-42 



93-0 

75-90 

■BSlHi 

MMiref 

• 93-1 . 

75-98 

24-02 

1 : o-3i6i 

‘ 93-7,. 

76-475 

'23-525 

I : 0-3076 

'95-0 

77^-548 * ■ 

2J-452 • 

1 : 0-2895 

97-0 

79-17 

0 

20-83 

. 1 : 0-2631 

--1- 

V 

- 

• 
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Otonm oooter—The heat generated iji the oleum circulation consists 
of two parts . ■ * 

(i)Thp heat evolved by the .formation of lOO per cent, ^cid from 
the water contained in the 98 per cent, acid entering the 
system, and the SO3 available, 
and 

(^) Heat of absorption of SO3 in 100 per cent. acid. 


Of the two parts by far the greater amount of heat is developed by 
(i), and for the purpose of calculating the quantity of heat,to^be dealt 
with in the cooler, (2) can be neglected. 

From Table No. 8 the maximum amount of 98 per cent, acid,which 
can enter oleum system per 100 lb. crude sulphur burned - 456-8 lb. 

98 per cent, acid consists of 98 per cent. H3SO4 -|- 2 per cent. HjO 
. ’. water contained in 456-8 lb. 98 per cent, acid 
456-8 X 2 

— —~ ■— 9 * 155 Ih. 

100 ^ 


Heat of formation of 100 per cent, acid from SO,, (gaseous) and 
water = 386 C.H.U. per lb. of SO3 absorbed. 

100 per cent, acid consists of 81-6 per cent. SO3 + 18-4 per cent, 
water. 


9-136 lb. water will require 81-6 x 


9-IJ6 

18-4 


= 40-5 lb. SO3 to make 100 per cent. acid. 

Then heat evolved will be— 

40-5 X 386 =.! 15460 C.H.U. per 100 lb. crude sulphur burned. 

Maximum crude sulphur burned per unit per hour = 1,200 lb.; then 
heat to be absorbed by oleum cooler will be 

15,640 X 12 = 187,680 C.H.U. per hour. 

= 3126 C.H.U. per minute. 

= 52 C.H.U. per second. 


Amount of oleum pumped over towers.—The feed to the oleum towers 
consists of 20 per cent, oleum, and sufficient must be put down the 
towers to ensure that the outlet from the towers does not exceed, say, 
23 per cent, oleum. ' 

20 per cent, pleum = 80 per cent. HjSO^ -1 ■ 26 per cent, free SO, 

= 85-3 per cent. SO3 '-i-' T4-7 per cent, water 

23 per c4nt. oleum ' = 77 per cent. H2SO4 + 23 per cent, free SOj, 
= 85 - 8 ,per cent. SO3 -f 14*2 per c^nt. wat^’r 

or ^ = 88-8 SOj I4’7 water. ' , 

« 

.'. to each 100 lb. (jf 20 per cent, oleum entering tower we must ad.'l 
88*8 ~ 85-3 = 3-3 lb*0^ SOs to produce 2j} per cent, oleum. - 
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Maximum SO, to be absorbed will be when there are joo lb. burner 
charges ot 1,200 lb. sulphur burned per h6ur and 70 per cent, absorption 
in No. I LOwer„ on which b^isis sufficient 20 per-cent, oleum will be 
required in circulation to absorb 162 x 12 = 1,944 lb. SO3 per hour to 
make 23 per cent, oleum. , > » 

As 3’3 lb. SO3 require 100 lb. 20 per cent, oleum 

• lu Ml ■ 1.944 X 100 ’,1 , 

1,944 will require —-= 59,000 lb. per hour 

= 26-3 tons per hour 

or 495 cubic feet per hour = o-i375 cubic foot per second. 

The rise in temperature of the circulating acid can now be 
calculated, since we know the weight of acid and the amount of heat 
which it must take iipj. whilst the specific heat of 20 per cent, oleum is 
approximately 0-339. . 

Then— 

Tg — Ti X 59,000 lb. X 0-339 = 187,680 C.H.U. 

• ^2 59,000 X 0-339 ^ ^ 

If the temperature of the cold acid is to be maintained at, say, 
25° C., then the temperature of the hot acid will be 34 ' 4 '~ 

Temperature of air surrounding cooler =I9-5°C. 

• Then difference in temperature of air and hot acid = 14 - 9° C. 

The cooler will consist of a long length of 5 inch internal diameter 
mild steel pipe, with walls J inch thick. 

Then area of 5 inch diameter pipe = 0-136 square foot 

•and ■ velocity of flow will be ^^^5^ = i foot per second. 

SOME CALCULATIONS IN CONNECTION WITH H.M. FACTORY, AVONMOUTH 

The plant will bfe arranged so that 98 per cent, acid or 20 per cent, 
oleum may be produced as desired. ... 

• These calculations have for their object to ascertain the size and 
capacity of acid coolers required, the volume of feed or circulating acid 
needed for good absorption, so that the lay-out of the absorption house 

may be altered to suit. . / 

Each Grillo unit’s credited with a capacity of 20 tons of bUg per 
24 hours, on the assumpiion that the overall efficiency ^ from crude 
97 per cent, sulphur Burned will be 90 per cent. 

• “ The actual figures are— 

9 tons (2,240 lb.) sulphur (crude), 97 per cent. 

=^'8-73 tons pure' sulphur. 

' =8-12 tons converted to SO3 at 0.3 per centf conversion. 

= 8-04 tqns absorbed at 99 per cent, absoiqition. 

’20*1 tons SO3 produced. > 



.94 


GRILLO PROCESS 


( 

C 

The converter system will,h,andle more .than this quantity, however; 
in fact, 25/30 tons of SO3 ca,n be got frpm these units at ^he sacrifice 
of a little efficiency. • o , 

Therefore the absorption .equipment must be proportioned to the 
output of, say, as'tofis-SOg daily, although the rating of the units will 
continue to be 20 to^s SO3 daily. 

Calculation of the quafntity of acid required for absorption of SO^ produced. 
Heat of absorption. 

‘ (i) Heat of liquefaction— 

SOg gas SO3 liquid + 9,560,C.H.U. ' 

.-. for I lb. SO3 §2^5= 119-5 C.H.U. 

(2) Heat of combination— 

SO3 f HgO = H2SO4 + 21,320 C.H.U. 


.-. for I lb. SO3 liquid = 2^ C.H.‘U. 

Total heat of absorption for 1 lb. SO3 gas = 386 C.H.U. 

25 tons of SO3 therefore yield— 

25 X 2240 X 386 = 21,620,000 C.H.U. per 24 hours per unit. 

™ 901,000 C.H.U. per i hour per unit. 


COMPOSmON OF GASES ENTERING AND LEAVING ABSORPTION TOWERS 
AND HEAT CONTENT OF SAME 



N, 

Og 

^ SO3 

! 

SO3 

—;-r 

Total 

Volume. 

■ ) '' 

(A) Free air. 

79 

21 



100,-0 

(B) After burning sulphur to form SO., 5 per cent. 

79 

16 

.5 

— 

100-0 

(C) After conversion to SO3 .... 

79 

13 -.5 


.5 

97-5 

(P) After absorption of all SOj... - 

79 

13-5 

— 


92-5 . 


Thus, 97‘5 volumes of gas mixture entering absorption towers 
escape therefrom as 92-5 volumes, i.e., 100 volumes are reduced to 
95 volumes. i- 

The combustion of sulphur to SO» tdeJds'gases (considered at 
NTP)-as follows :~ 

S +02 = SO 2 . ( 

32 + 32 = 64 

.•.32 grams pf sulphur burned ,to SOg require 32 grams of eScygen 
or one moleculq;r volume of o'xygen = 22-4 litres, and yield one molecidar, 
volume of SO2, t.c,, 22'* 4 litres. ‘ 

(i lb. = 454 grams. i cubic foot = 28'32 litres.) 




calculations: absorption 




Therefore i lb. of sulphur yields— 


0 


22-4 X 454 
32 X 28-32 


= 11-21 cubic feet 


SP, 



* t 

and a!| this must represent not more than 5 per cent! of the gas mixture 
leaving the burners, we have, 

II -21 X 20 = 224-20 cubic feet of atmsspheric air per it), 
of sulphur burned. ^ > , 

For «ach lb. Of sulphur burned the gases leaving the burner will b? 

Cu, ft. th. ' 

Nitrogen (224-2 per cent.) = 177-12 = 13-82 
Oxygen (224^2 x 16 per cent.) = 35‘87 = 3-19 
SOj (224-2 K 5 per cent.) = 11-21= 2-00 


Total 


= 224-20 


19-01 


0 ,= 

SOj = 


22-4 

28 

22-4 

32 

22-4 

64 


y JSl. 
28-83 

y i 54 _ 

28-33 

y M±- 
28-33 


SO3 


JA 

80 


454 

28-33 


= 12-82 cubic feet per lb. 
= 11-21 cubic feet per lb. 
= 5-61 cubic feet per lb.. 
= 4-485 cubic feet per lb. 


‘Conversion to SOs.—When these gases pass though the platinum 
converters the SO2 is converted to SO3 thus. 

2 vol. I vcfl. 2 vol. • 

2SO2 O2 ~ 2SO8 

» 

and the contraction in volume indicated on page 94 takes place, n^^, 
the 16 volumes of free oxygen suffer decrease to 134 volumes, whilst the 
SOa formed occupies the same volume as the original bUg. 

The gases actually entering the absorption towe/s (considered as at 
NTP) will then become per lb. sulphur burned 

Nitrogen - = 177-12 cubic feet. 

Oxygen = 30‘25 

SO*s = 11-21 ' .. 

Total =■218-58 .cubic feel ^r lb. sulphur' 

burned at aqojjer cent, conversion. 


j -> 
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As these gases enter absorbing towers at 50° C. and leave at 25® C., 
their volume becomes:— . , • • 

Entering tower. Lea’ing tower. 
Nitrogen, cubic feet - - 209-5 193‘40 

Oxygen, cnbr feet ’ - - 35‘8 33-o 

SO3, cubic feet , - - - 13 *3 12-'34 


258-6 238-74 

Volume and weight 0! ga^ entering tower. 25 tons SO3,' assuming 
93 per cent, conversion, would be equivalent to 10-75 tons sulphur 
(as pure) burned per 24 hours. 


Or— 

= 1,003 lb. sulphur per hour. 

Say, 1,000 lb. sulphur per hour. 
The weight of the several gases is as follows:— 

177-12 


Nitrogen 


12 - 8 cubic feet 


= 13-82 lb. Nj 


Oxygen 


30-25 

II-21 cubic feet 


2-7 lb. Og 


SO3 


I I-21 
4-480 


2-5 Ib. SOa 


Total = 19-02 lb. gas mixture per lb. 
- .. sulphur burned. 

Specific heat gases (at constant pressure). 

Taking nitrogen at 0-2438 
Taking oxygen at 0 ■ 2175 
Taking SO3 at 0-1370 

Volume of 98 per cent, absorbing acid required.—The SO3 is most readily 
absorbed by 98 per cent, sulphuric acid, and it is desirable to keep the 
strength of the acid as nearly as possible to this figure. 

Acid of 991 per cent, to 103 per cent. HjSOi is extremely corrosive 
and quickly destroys steel, and at the sam(i time is very likely to 
crack or disintegrate cast iron -due probably to dissolved SO3 which 
penetrates the cast-iron and forms sulpnate. 

It is, therefore, the practice to keep thp strength of the absorbing 
acid at 98 per cent, entering, and not more than 991 per cent, leaving 
the absorbers. 

Quantity of acid required to absorb 25 tons of SO3'daily would 
be;— 

25 tons SO3 =?r 30-62 H3S04 = 30-78 tohij' 99^ per cent, sulphuric 
acid. 1 

.-.5-78 tons HjO, kre taken up by the SOg 
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100 tons of 98 per cent, feed acid woul^ yield:— 

98J tons of 99J per cent. ,acid, so that— 

1*5 tons water would be available for absoi'bing thfe SO, per 
100 tons 98 per cent, feed acid. 

A.. 78 _ 21 J££.s_ 385*3 tons of 98 per cent, acid must be fed into 
^‘5 towers per 24 hours.* 

The output of the towers will then be:— 

Tons. ■’ 

Feed acid . - - 385-3 

SOj - - - 25-0 


410-3 of 99J per cent, sulphuric acid. 


Therefore, one Grillo unit producing at the rate of 25 tons ’SO3 
daily, would require daily 385-3 tons of 98 per cent, feed acid, and on 
this basis, the pumping equipment should be calculated. 

o Heat balance ol absorption system of one Grillo unit.—From the data 
developed in foregoing paragraphs there is :— 

Entering tomrs per hour on basis 25 tons SO3 daily .—Equal to 
1,000 lb. sulphur per hour at 93 per cent, conversion. 

» Assume acid to enter absorption towers at 20° C. 

Assume gases to enter absorption towers at 60° C. 

Assume gases to leave tower at 20° C. ' 

(This figure is purposely taken instead of 25° C. as mentioned 
on page 96 in order to make the case more difficult.) 


Nitrogen 7,000 x 13 -82 lb. x 0-2438 sp. hi X 60“ C. = 
Oxygen 1,000 x 2-7 X 0-2175.X 60° C. , = 

.SOj 1,000 X 2-5 X 0-1370 X 60° C. = 

385-3 X 2,240 


C.H.U. 
per hour. 
202,200 
35.220 
20,550 


-ft 'ssssr 


X 0-357 X 20° c. = 256,761 


514.731 

Add heat of reaction— 

(^5 2^40) c.H.U.'= 901,000 

,24 hours 

Total C.H.U. entering tower + heat of reaction- 

Total - (A) 1,415,731 

Heat contjfined in gases leaving towers— , 

Nitrogen 1,000 X 13*83 Ib.^X 0-2438 X 20“ C. = 67,540 
•Oxygen 1,000 X 2-7 lb. X 0-2175.^ 20° C. 11,740 

Total - 79,280. 
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Deduct^ total (B) from total (A) to determine heat conveyed away 
from towers'by the 385-3 tone of feed'acid'+ the 25 tons S03„absorbed— 

Total (A) - - - - 1,41-5.731 

Total (B) ' • - - - - - 79^280 


Difference (C) - 

Acid leaving tower per £4 hours— 

Feed acid - - - 

SOg absorbed 


1^336,451 

Tons. 
• 385 ;3 
- 25’0 


Total 99^ per cent, acid 


- 410*3 


• Then total (C) represents the number of C.H.U. which must be 
removed from the towers per hour by the acid. 

_ _ 1.336.451_ _. 


410-3 X 2 ,240 X 0-3 57 (specific heat of 99^ per cent, sulphuric acid) 
24 

= 97-8®C., temperature of acid entering cooler. 

{3) Heat to be eliminated per hour by coolers:— 

Acid entering coolers— C.H.U. 

410-3 X 2240 X 0-357 X 97 * 8 ° C . 

24 hours 

Acid leaving coolers— 

410-3 X 2240 X 0-357 X 20° C. 

^ 24 hours 


= 1.336.450 


= 273,200 


Difference is the quantity of heat 
to be eliminated per hour - i ,063,250 


Cooling surface required .—Authorities vary as to the rate of heal 
exchange as between acid and cooling water through the medium ol 
cast iron, and in default of better information the following figures, 
which are in substantial agreement with practice in acids factories, arc 
assumed« < . 

One square, foot of cast-iron 0-5 inch in‘thickness will pass pei 
hour when the temperatures are respectively 77® C. and 20® C., 14 C.H.U. 
per degree. 

We then have— 

, 1,063,250 - , , , , . , 

14 " x ~ (q7-.8 - 20) ^ 975 square fe^t of surface required. 
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Capacity of SO, *$ooler.—2$ tons SOj per 24 hours. 

. = 1,000 Ihs. sulphur per burner. 

I lb. Sulphpr burned yields— * • 

Nitrogen - > - .lyy* 12 cubic feet "I 

. Oxygen - - - * 35'5? chbic feet >At NT)^ 

SO| ... - II *21 cubic feet J 

"■ “ * 

224*20 ^ 


99 


After phssing’converter these become— 

, Nitrogen - . - - 177 *12 cubic f*t> 

Oxygen - * - - 30*25 cubic feet > At NTP 

SOj - - • II *21 cubic feet J 


218*58 


The cold §©2 leaves blowers at, say, 20° C. and enters heat- 
'exchanger, where it passes through tubes heated by SO3 from converters 
at, say, 400° C., thus theSOa becomes heated at the expense of the SO3, 
which becomes cooled. 

The specific heat of the two gas mixtures is substantially the same, 
•so that something approaching equlibrium of condition may be safely 
assumed in respect to temperature to be attained. (This assumption ts 
made to obviate more or less unreliable calculations te heat transference 
through tubes, &c., of exchanger.) 

The following conditions aie assumed:— 
inters exchanger. Leaves exchanger. 


SO3 gas 400® C. 
SOj gas 20® C. 


4°° ±-g° 2l’o” C. 

4 “+i? = 2X0- c: 
2 


All data necessary are now available to enable the quantity of heat 
contained in the gases leaving the heat-exchanger to be calculated, frop 
'which can be deduced the quantity which must be removed m the 
SO3 coolers. 






C.H. U. coniain^ in the SOj gas entering the heat-exchanger. 
(Weights of gases carrtsponding to the volumes per lb. sulphur 
burned are taken from page 95.) . 


* .Enter SOj gas— , 

Nitrogen <>^•1000 X 13'8? y 0 *2438 X 20® C. = 

Oxyg&i 1000 X 3*i9'X 0*2175 X 20 C. = 

SO* 1000 X 2*0 X 0*134 X20 C. 


C.H.U. 


67,400 

€3,880 

6 ,€6 o 


87.440 
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SOg gas— 

Nitrogen looo X 13-82 X 0-^438 X 400°^ C. = 1,348,000 

Oxygen KfOO X 2,-7 X 0-2175 X 400° C. = 235,qoo 

SO3 1000 X 2-5 X 0-1370 X 400° C. = 137,000 


C.H.U. 


1,720,000 


^1,807,440. 

Leave iiUg g3,s— ^ .. 

Nitrogen ' 1000 X 13-82 X 0-2438 X 210° C. = 708,000 ' 

Oxygen 1000 X 3-19 X 0-2175 x 210° C. = 145,700 ' . 

SO2' IQ00,X 2-0 X 0-154 X 210° C. = 64,700 

- 918,400 

SO3 gas— 

Nitrogen 1000 x 13-82 x 0-2438 x 210° C. = 708,000 

Oxygen 1000 x 2-7 x 0-2175 X 210° C. = 123,400 

SO3 • 1000 X 2.5 X 0-1270 X 210® C. — 71,900 

- ,903,300 

Total C.H.U. 1,821,700 ' 

Thus the gases leaving the heat-exchanger and entering the 

SO3 cooler (SO3 cooler assumed to include the 10 inch pipe) contain 

903,300 C.H.U. per hour. 


The gases entering the absorbers at 60° C. contain, from page 97 
Nitrogen - - 202,200 C.H.U. 

Oxygen - - 35,220 

SO3 - - ■ 20,550 


257,970 


Therefore 903,300 — 257,970 — 645,300 C.H.U. must be removed 
per hour from the gases. 

The 10 inch steel pipe from the heat-exchanger to the SO3 cooler 
may be taken as 2 X 120 feet long (as there are two heat-exchangers 
and two pipes). 

External diameter of this pipe, lof inches. 

Surface of i foot length 

10-75 X 3-1416 „ ^ , 

--= 2-814 square feet. 


2-81 X 240 = 675 
Headers 94 


Total surface = 769 sqqare feet. 

Atr Cooling. . 

'Temperature of SO3 - 210° 
Telnpjrature of air - , 30® 



calculations: absorption 


As the temperature wU\ not ^remain constant throughput, the mean 

teipperature difference will be taken as * 

^ Leaving exchanger - - aio° 

Entering absorbers , - ^ - 60” 

nr X X 210’+60*. » 

Mean temperature — - -= 135 

Temperature of air - - 2q° 

Mean temperature difference 135 — ^0 =• US'". , 

Radiation loss per hour by Newton’s Irfw 

• 115 X 2’8i X 0-64 — 206 C.H.U. , ^ 

^Factor for temperature, difference 115° and air temperature 20 
= 0‘64). "• 

Developing this in accordance with Dulong's law (factor for 
temperature difference 115" and air temperature 20" 1-79) 

206 X 179 ^-=*369 C.H.U. total loss by radiation 

Convection loss (factor is 0-478 C.H.U. per square foot) 

115 X 2-81 X •47v8 = 154-5 C.H.U. 

To conform* to Dulong’s law (factor 1-67) 

154-5 X 1-67 = 258 C.H.U. 
total loss by convection per hour per foot run. 

Therefore total lost by radiation and convection becomes 

Radiation 369 
Convection 258 

Total 627 C.H.U. per hour per foot run. 

Surface of pipe per foot run is 2-81 square feet. 

^ 223 C.H.U. per hour per square f6ot of surface for 

'’2-81 conditions stated. 

Cooling surfaces needed in order to eliminate by air cooling the 
heat contained in the gases produced by the combustion of 1,000 lb. of 
sul^>hur per hour, after same have left heat-exchanger . 

Heat units to be eliminated (page 100), 645,300 C.H.U. 

• Heat lost by radiation and convection per hour per square foot for 
above conditions per square foot, 223 C.H.U. 

• - 45 i ^92 _ 2^893 square feet of cooling surface required. 

Surface available in ip inch pipe and headers, 769 squareTeet. 

Total surface to' be provided as 6 inch pipes as coolers, 2,124 

^ 6 inch internal diameter = 6-5 inch ex^rnal diameter. 

. 6-3 X 3-1416 j..70 gqyare feet per foot ran. 

12 / * , 

• ^ I 250 feef qf 6 inch pipe require^jfor cooler. 

•1-7 
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< 

« 

Absorption System—Queen’s Fesry Grillo Plant 

In the following, the thennal effects in the Grillo absorption 
systems are determined practically and calculated theoretically from 
first principles. , t ' 

The practical results are shown on Fig. 30 and the theoretical values 
appear on Fig. 31. , ' 

The scales are the same in both prints, and the discrepancies in. the' 
practical figures are f)robabIy due to the impossibility of pleasuring 
accurately all the thermal effects. , , ^ ' 

Heat efleots in absorption system. —In the accompanying table,.the 
results of several experimental runs on oleum and 98 per cent.‘■units 
are given, showing the temperatures of the gases^and acids at different 
parts of the circuWon system, and the amounts of heat involved for 
varying sulphur charges. ' 

The codler surfaces were found by actual measurement to be 
272 feet for the oleum cooler, and 1,212 feet for the standard cooler. 

In some cases the acids entering and leaving the towers were c. 
analysed, but the absorption calculated from these were figures divergent 
from those indicated by theory. 

One of the most difficult parts of the work was the accurate 
estimation of the amount of acid throvra by the pumps; the throws, 
found are the most accurate that could be obtained under the 
conditidns. 

The measurement of the feed acid is a source of error; in no case 
was it found to correspond with the theoretical amount, being more 
than double in one case. The units appear to oscillate between limits, 
and are generally, found to be either too strong or too weak. • ‘ 

The heat given out by the mixing of the returns from the towers and 
the incoming feed acid is somewhat pncertain, as the temperature of 
mixing is taken within a v^Sry short distance of the spot where the acids 
meet; it is probable that complete mixing is only obtained furtfier 
along in the system, so that a low figure is obtained for this quantity. 

, The figure for radiation was taken by the heat rise in a quantity of , 
sulphuric acid, contained in a narrow lead box of 1 square foot surface, 
placed within an inch or so of the surface of an oleum tower, in unit 
time (i hour). ^ 

The heat given to the acid came to nearly 5^ per cent, of the total 
heat measured, and this figure was taken,as a standard correction; 
this correction, in the case of the 98 per cent. unit,*must be higher than 
this figure, since the heat evolution is greater and the temperatureSj of 0 
the surfaces of the towers higher. < « 

The loss of heat in the 'last two towers has, in each .case, been 
■ neglected. c , ■ •' ' 

The specific heat of acid^ over 100 per cent. H,S04 has been taken ^ 
as 0*34, and acids j5el|yA^ 100 per cent, as 0*35. 

See' table on folio whig page. 
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Calculatipn of beat evolved in absorption lyttem./ Oleum nnito.—^Six 
absorption tov«ers are arranged in two* parallel groups of three towers 
in senes. ^ ‘ * 

Acid of approximately 99 per cent, stren^h is fed over ‘the back 
four towers, and acid of 165 per cent, strength is pumped over the front 
pair of towers. • * • , 

The feed acid may be of any strength, as it is blended with the 
acid issuing from the fcack towers to make 99 per cent, acid—the excess 
of 99 per cent. acid‘ovjerflows continuously and mixes with the stibng 
oleum issuing from the front pair of towers to give 22 per cent, oleupi 
which is pumped over the two strong towers—the excess running off 



There are practically two systems;— 

, System A produces 98 • 5 to 99- 5 per cent, sulphuric acid by combining 
SO3 with 91 per cent, feed acid—the heat of the combination being 
removed in the acid cooler. 

System B is fed'with the 99 per cent, acid made in system A and 
absorbs a certain part of the total SO3 to make 22 ppr cent, oleum, which 
is the final product. • . 

Calculation 0 ^ heat evolved in Systeme A and B when making 22 per cent. , 
oleum and burning 60 lb. sulphur per burner hour. 

. Physical Data, , , 

Feed acid S^'A • - ' - * 91*4 per cent. HjdOi 

Acid forwarding from 'A to B - - ^ 99’5 per cent. HgSOj 

Acid produced B - - , - ‘ 105 per cent. HjSO^ 















calculations: ABSORPTibN 


1&5 


Sulphur burned .= 720 lb. per hour {98-5 per cent, purity). 
Pure sulphur = 709 4 b, pe’r hour.. 


Gases to towers i aiid^ 4 
Gases from towers i and 4 
Gases to towers 2 and 5 
Gases to exit 


56 
= 54 
= 54 
= 34° 


"C 

“C. 


>FalI in temperature = 
■ ^Fall.irP temperature = 




2° c. 
29° c. 


Calculations. 


(A) Feed acid per hour = 2,056 lb. 

99-5 per cent, acid produced = 2,77*8 lb. 

(B) 105 per cont. acid produced = 3,678 lb. 


ab.sorbed' = 722 lb. 
SO3 absorbed = gop lb. 


Thermal System “A.” 

(1) Condensation oi ga 4 eous to liquid SO3 (positive). 

(2) Resolution of feed acid into 90-5 per cent, acid and water 

(negative). * 

(3) Solution of liquid SO3 in part of the resolved water to form 

monohydrate. 

(4) Dilution of monohydrate thus formed to yield 99-5 per cent. acid. 

(5) Heat given up by converter gases. 


Determination of factor (i). 

SO3 gaseous SO, liquid + 9,560* C.H.U. 
80 lb 


722 lb. 


9560 X 7 22 
80 


= 86,280 C.H.U. 


Determination of factor No. (2). 

Imagine feed acid (2,056 lb.) split up into 99-5 per cent, acid and 
water. This will require a quantity of heat equal gnd opposite to that 
given out when 2,056 lb. of feed add is formed by dilution of 99*5 per 
cent. acid. a .... 

The curve showing the relation between dilution* of HgSOj and 
thf heat evolved is a rectangular hyperbola, which can be represented 
by the function— 


H2SO4, wHjO n X 17.860 
981b." “"» 4 -i 7983 

where « = number of lb. molecules of water. 

For 99-5 per cent, acid— 

, 0-5 X 98 

using this value for n in above formula. 


T^is figure^is got as follows:— 


(1) ' 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 


SO, gas 
S 

s 

s 

SO,gis 


( 2 - 

0 „. 


so, gas, + 22.600 cal. (Berthelot). 
S0,'g3.s. .J- 71.080 „ (Thsmsen). 

SO, gas. + (22',6oo + 71.080) = 93,680 cal. 
SOgliq. + 103,240 cal. (Thomsen). 

SO, liq. + (103,240 - «,680) = 9,560 cal. 
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98 lb. of diluted to 99-5 per cent, strength = 267 C.H.U. 

For 91-4 i 5 er cent, acid— • ' 

■ 8*6 X 98 

* = 

then in the same way—• ,' 

98 lb. H2SO4 diluted to 91-4 per cent, strength = 3,960 C.H.IJ.* 

, The difference (3,{)6o — 267), i.e., 3,693 C.H.U., is the heat^ven out ^ 
when 99'5 per cerft. acid containing 98 parts H2SO4 is diluted to * 
9i’4 per cfcnt. acid. ' , , 

Now, 2,056 lb. 91-4 acid = 1,879 lb. of 99'5 per cent. Acid + 1*77 
of lijO. 

Heat absorbed = ^ jj.U. 

Determination of factor No. (3J. 

HjO 4 - SO3 (liquid) = H2SO4 + 21'320 C.b.U. 

80 lb. 

722 lb. ^ c.H.lI.^ 

Determination of factor No. {4). 

98 parts monohydrate diluted to 99*5 per cent, acid --•267 C.rt.U. 


722 X 98 


267 X 722 


lb. H2SO4 = = 2,410 C.H.U. 

Determination of factor No. (5). 

Gases are cooled through 20® C. 

Disregarding contraction and alterations of density due to formation 
of SOg, &c., and counting gases as air 

(i lb. S gives 10-93 cubic feet SOg at 97’5 per cent. >ield.) 

„ . • 20 X 0-24 X 0‘o8 X 709 X I0’93 X 100 _ 

Heat given up =-^-L.H.U. 

• = 59.520 C.H.U. 


* This figure is arrived at more easily by using the graph on page 122, Figs, 41 and 42. 
Thus— 

too lb. Of 99 '5 per cent. =99-5 lb. H2SO4 + 0-5 lb, H^O 


100 lb. of 91-4 

8 ; 6 x_ 99_5 _ jij jj^q required to form 

91 '4 „ 91'4 acid. 

but 0 • 50 lb. already along with 99 • 5 lb. 

-, H3SO4 

.•. •8-?6 lb. to be added to 99-5 i»r 

100-00 * cent. acid. 

■■ ■ 4 

giving 108-86 lb. 91 - 4 per, cent, acid. 

Frvm the graph, the amount of hlat evolved when 100 lb. of 99-5 per cant, of afcid is 
, diluted to 91 • 4 per cent^ by addition of 8 - 86 lb. 1} jO is ' ' . 

, • 3,750 d.H.U. 

^°^io8 ^ 7 °’^ C.H.U. for 205 lb. 91-4 pfer cent. acid. 


= 91-4 lb. H4SO4 + 8-6 lb. HgO 



^ CALCULATIONS: ABSORPTION tO) 

Total « (1) + (3*) + (5) _ (g) 

*— 209,690 C.H.U. ^er hour generated in System*A. 

* System " B,” i.e., front towers and circulating tank. 

Heat of condensation of SO, gas’to S 08 . 1 i^uid. 

(2) Resolution of 99-5 per cent, acid into monohydrate and wafer. 

(3) Solution of hquid SO3 in the water formed tq give monohydral#. 
|4| ^Jution of SO3 m monohydrate to give 22 pflr cent, oleum. 

( 5 ) Apat given up by gases in cooling from to 54® C. 

{if Condensation of SO3 gas to SOg liquid. 

SQg gas = SOg liquid + 9,560 C.H.U. 

80 lb. / 

900 * 

900 ib. = -g^ X 9^560 = 107,600 C.H.U. 


(?) 99'5 per cent, acid containing 98 lb. HSO. split up into 
. H^SO^ and HJJ. 

Require 267 C.H.U. 

2,778 lb. 99*5 per cent, acid =■- 2.764 lb. H^SO^ + 14 of HgO. 

.-. Heat absorbed == - 267 + = _ 7,530 C.H.U. 


(3) Absorption of Liquid SO^ in 14 lb. to give monohydrate. 
= ^ X 21,320 = 16,600 C.H.U. 


(4) Absorption of remaining SO^, i.e., (900 - 62 = 838) lb. in monohydrate 
, to give 22 per cent, oleum. 

This is calculated from the heats of solution in large quantities of 
water of 22 per cent, oleum, monohydrate, and liquid SO3 respectively. 

Thus the heat of absorption, of liquid SO3 in monohydrate = heat 
of solution of HgSOg + heat of solution of SOg liquid —'heat of solution 
of G2 per cent, oleum. 

SO3 + HjSOg 22 per cent, oleum. 

(o*22 lb. + 0*78 lb.) -♦ 1 lb. oleum. 

(a) Heat of solution of i lb. oleum = 245 C.H.U. (Knietseh). 

(b) SOg liq. + aq. = 39,180 „ (Thomsen). 

.•. Heat of solution of 0-22 lb. SOj = 107*7 • » 

.(c) RgSOg + aq. ) = 17,860 „ (Thomsen) 

Heat of solution of j 5*78 lb. HjSOg = 142 „ * 

(^) + (^) ■" («) = beat of solution of SO3 in jnonohydrate. That 
is 197*7 + 142 — 245 = 4*7 C.H.U. in the heat of solution of 0*22 lb. 
SOjin o*7g lb. HgSOg, or— 

• = 21 C.H^. per 1*1B. of SO, absorbed, 

.-. Heat of absorption o^ remaining SO3 = 8^8^ x «i = 17,209 C.H.U. 



1^8 GRILLO PROCESS 

(5) Heat given up by converter gas^s. 

2 X 0*24 X 0’08 X 709 X I0'93 X 100 C.H.U. tt 

-—-2--2-^^ 5^552 C.H.U. 

Total:— = (i) + (3) rf (4) + (5) — (2) 

= 139,820 C.H.U. given out in System B {i.e., in two strong 
. towers and circulating tank). 

This heat is dissipated by— 

(i) oleum leaving system—the temperature of this should r.ot 
exceed 30° C. 

'(2) Radiation from surface of towers. 

(3) Acid coolers. 

(i) and (2) are small compared with (3) and may be set off against 
the decreasing efficiency of the coolers due *0 gradual sulphating of 
the interior of the pipes. 


Coolers. 

The oleum cooler has only 280 square feet of surface, so that the 
duty per square foot per hour is— 

139.512 

280 


= 500 C.H.U. per hour per square foot. 


The 99 per cent, cooler has 1,220 square feet of surface and the 
duty is— 

269,690 

Y2 20 C.H.U. per hour per square foot. 

These calculations refer to 60 lb. charges. 

With 90 lb. charges all these figures will be increased by 50 per cent. 


Calculation of heat evolved in making 98*5 per cent. acid. 


98 • 5 per cent, acid on 60 lb. charges. 


Physical data. 


S/A 

Sulphur burned 


Per cent, efficiency = 

.•. SO3 produced = 

Tenjperature of gases to tower i = 

Temperature of exit gases ^ = 


91-4 per cent. H2SO4. 

720 lb. per hour at 98*5 per 
cent, purity. 

709 lb. pure sulphur. 

91-.s- 


1,622 lb. 'per hour. 
35° C 


20" C. 


Calculation. 

Feed acid per hour = 5,483 lb. "I = 98*5 per cent, acid formed. 
SOg 1,622 /=7,J05lb. ' 



CALCULATIONS : ABSONPTI&N 


Thermal system. 

Negative (i) heat of resolution of feed acid into QS’s'per cent, acid 
and free vmter. • • , 

Positive (2) heat of combination of SO. and free water to form 
H,SO^. • 

Positive (3) heat of dilution of H2SO4 (100 per cent.) to 98 *5 per 
cent. acid» ♦ 

* Positive (4) heat of condensation of gaseous to liquid SO3. 

(5) heat given up by converter gaseS. • 

Determination of factor (i). ^ • 

Adinity of HjSO* for ‘HgO in 98-5 per cent, acid is represented by 
equation— • 


H2SO4, «H20 = 


n X 1 7860 


where n — no. of lb. molecules of water. 

98-5 parts H2SO4 + i’5 of HgO = 100 of 98*5 per cent. acid. 
i.e., 98 of H2SO4 require i *49 of H2O. 

1149 =:r 0-0828 

lo 

(a) Expression becomes 

0-0828x17860 OA/'UTT r o TJ 
0-0828 4 -1-7983 ~ for 98 lb. H2SO4. ^ 

Affinity of 98 parts H2SO4 contained in acid of 91-4 per cent, 
strength for the water solute. 

• 91-4 parts H2SO4 + 8-6 of H2O = 100 parts of 91-4 per cent. acid. 

i.e., 98 of H2SO4 requires 9-22 of HjO. 

9-22 

n = - 0-5L2 


0-512 X 17860 


'■ 0^2 + 1*7983 ~ 

(6) - [a) = 3960 — 786 = 3,174 C.H.U. (for 98 lb. H2SO4). 
H2SO4 contained in 5,483 lb. feed acid = 5483 x 0-914 = 5,011 lb. 

~ ^ 3^74 = 162,300 C.H.U. (negative). 

■' > 

Determinaiion of factor (2). 

‘ - SOs + H2O = H2SO4 + 21,320 C.H.U. 

'C i.e., 80 Jt), liquid SOj give 21,320 C.H.U. 

,■ 1,622 lb. = H,S 0 ^ 3 -c,„.u/= 432,30o’ci!.U, 
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Determination of factor (3). c 
80 parts SO, give 98 H2SO4. ' ' 

1,622 SO, giVe diluted to >98*5.per cent 

•j. • ,98 x162a 786 _„_, _ rtiTT 

acid gives out -—— X -p- C.H.U. = 15,940 C.H.U. 

< ^ 

^ . Determination of factor (4). 

SO, gaseous = SO, liquid + 9,560 C.H.U. 

80 lb. 

9560 X 1622 
80 


1,622 lb. = 


193,800 C.H.U. 


Determination of factor /5). 

Heat given up by gases. 

Weight of gases; i lb. sulphur gives 10-93 cubic feet SO,. < 

5 per cent, gas; neglecting contraction, &c., due ,to formation of 
SO, and reckoning all gas as air. 


Mass = 


709 X 10-93 X 100 


X o-o81b. 


sp. ht. =: 0*24 Fall in temperature = 20° C. 

^ , 20 X 0-24 X 709 X 10*93 X 100 X o*o8 

C.H.U. given up =- - - 


= 59,520 C.H.U. per hour. 

Total per hour == (2) + (3) + (4) + (5) - (i)- 

= 432,300 + 15,940 + 193,800 + 59.520 - 162,300 “ 
Total '= 539,260 C.H.U. per hour. 


this heat is dissipated. :— 

(1) By acid cooler (1,220 square feet surface). 

(2) By radiation from absorption towers. 

(3) By raising temperature of acid leaving system. 


Radiation loss. 

This was done by noting the rise in temperature of a suitable liquid 
contained in a rectangular lead box lagged on all aides except one which 
was blackenfd; and was placed parallel to the surface of the tower. 

The area of this surface exposed to radi'atibn was 1 square foot. 
Practicsjly all radiation takes place in the first four towers, and of ( 
these the lower half is hotter than the upper half. « i 

^together 50 per cent, di the total surfac was taken as. radiating, 
f and the value obtained from this was 2o,cio0 C.H.U. per hour,' * ^ / 
approximately 4 per cent, of tthe total heat evolved. 

. i.Bf radiation loss = 20,000 C.H.U. 



calculations: absorption 


III 


Heat taktn away by per cent, acid leaving system. 

, Th^ temperature of ttes acfd should not exceed 28“ C. 

Imti^ temperature of feed add = 18° C. 

Rise in temperature, 10° C. 

Heat absorbed by acid leaving —.'total* heat of this acid less heat 
contamed m feed acid. • ’ • 


= ^105 X 0-35 X 28) - (5483 X 0-36 X i8) 

• = 69592 - 35,530 = 34,099 C.H.U. 5 

. ■. Heat to be removed by coolers =1539i26o — (20,000 *+ 34.099) 


485160 


• = 485,160 C.H.U. 

say, 400 C.H.U. per square foot per lioilr for a 60 lb. 
1 charge. 


Absorption SYSTE^# at the Grillo Plant, Avonmouth, and 
Comparison of Results obtained in the Queen’s Ferry Plant 

, Units lor mating 98 per cent, acid or 94 per cent. add.—On these units 
98 per cent. aCiid is pumped over all six absorption towers, the resulting 
acid being approximately 99 per cent. 

^ The acid so formed is broken down by water to give 98 per cent., 
the greater part of which re-drculates, and the remainder either passes 
out of the system or into the mixing tank to make 94 per cent. acid. 

The absorption system is shown diagramatically below :— 



$ 

« Quantities of SOg and acid involved.—On a 50 lb. sulphui: charge 
(14 bunkers, 94 per cent, recovery) the'SOg absorbed per hour .will be 
1,6^ lb. * ’ ' . • • 

Now, 4-25 lb. SO3 added to 100 lb. 98 per cent, apid give 104-25 lb. 
of 99 pei; cent. acid. 
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Therefore, the quantity of 98 per cent, circulating per hour to 
absorb 1,630 lb. SO3 will be 38,350 lb., and the quantity of 99 per cert, 
so formed will be 39,980. 

The 99 per cent, acid will require 420 lb. of water to break it down 
to 98 per cent, agran., of this 38,350 lb. will re-circulate and the 
remaining 2,050 lb. will either pass out of the system or be broken down 
in +he mixing tank to give 94 per cent. acid. 


Heat-oontributiiig factors.—The heat to be dissipated in the absorption 
system from the following factors :— 

(1) Heat evolved in adding water to the system, i.tf., breaking 
down the 99 per cent, acid to 98 per, cent. 

(2) Heat of condensation of gaseou.' to liquid SO3. 

(3) Heat developed by the solution of liquid SO3 in 98 per 
cent, acid to give 99 per cent. 

(4) Heat given up by gases passing through the absorption 
system. 

The actual heat effects of these various factors are calculated below. 

(1) 100 lb. of 99 per cent, acid plus i lb. HjO giving 101 lb. of 
98 per cent. H3SO4 evolve 500 C.H.U. (from graphs). 

Or = 505 C.H.U. per 100 lb. of HgSO^ in form of 99 per 

cent. acid. 


Conversely the amount of heat absorbed in resolving 100 lb. of 
HjSOi in the form of 98 per cent, acid into 99 per cent, acid and free 
water is — 505 C.H.U. 

Therefore, 39,980 lb. of 99 per cent, breaking down to 98 per cent, 
will evolve— 


39,980 X 500 

lOG 


200,000 C.H.U. 


(2) SO3 gaseous = SO3 liquid + 9,560 C.H.U. 

Therefore, 1,630 lb. SO3 = = 195,000 C.H.U. 


(3) This can be treated as three separate operations— 

(а) Resolution of 38,350 lb. of 98 per cent, acid (37,600 HjSOi 
into 99 per cent, and water 37,600 x 505 = — 189,800 C.H.U. 

(б) „Absorption of 1,630 lb. SO3 in part of this resolved water 

to form monohydrate— " ** 


SO3 «q. + H3O = H3SO4 + 21,320 C.H.U. 

' 1,630 X 21,320 

-85-= .434.000 

(c) Heat of djlutiop of = 1.996 lb, 



CALCULATIONS : ABSORPTION 


* » 

100 per cent. H5SO4 to qg per cent, (from graph) approximately 
-f 10,009, • * . 

.■. To^ heat for solution*of 1,630 lb. "SOj in gS^per cen^. acid 

= 6 + c — « , 

. = 254,200 c.ii.u. *. • . 

(4) The weight of gases passing through tl\e system based on 
5 per cent! SO3 at converters will be— . ‘ • 

1 lb. S = 2 lb. SO2, at 94 per cent, yield — 2 ^ -94 = i-8^ lb. SO,. 

• I lb. SO2 = 5*6i cubic feet . . i-88 x*5'6i == 10*55 cubic feet SO,. 
Combustion gas contains 5 per cent. SO,. 

‘ .( 10-55 X 95 . . » * 

• -g-— 200-4^ cubic feet air along with SO,. 

I cubic foot air =’0-08 lb — 

* Lb. 

, Air, 200-45 X o-o8 - .... 16-04 

,S0.2,10-55.1-88 


Weight of air and SO, from I lb. S - = 17-92 

’ 50 X 14 'X 17-92 — 12,544 — total weight of gas passing through 

system. 

Taking specific heat of gases as 0 - 23. 

Taking fall in temperature as 20° C. 
then 12,544 X 0-23 X 20 — 57,700 C.H.U. 

Thus the total heat generated in the absorption system is 200,000 » 
195,000 H- 254,200 -I- 57,700 706,900 C.H.U. per hour per 50 lb. 

S charge. 

Dissipation ol heat generated in absorption systeni,--A portion of this 
heat will be lost by radiation from the towers and acid pipes. Experi¬ 
ments at Queen’s Ferry have shown this loss^to be approximately 5 per 
cent., say, 35,300 C.H.U. in this case. ' ’ 

• Acid leaving the system at 30° C. (2,050 lb.) and water entering at 
15“ C. (400 lb.) while theoretically helping to dissipate the heat of the 
a system are so small in quantity as to be negligible; so that the rest of 
the heat (706,900-35,300 = 671,600 C.H.U.) must be taken out by the 
acid coolers. 

Work thrown on acid coolers.— The surface area »of the cooling coil 
-- 800 feet X 2/3 feet^x w ^ 1,675 square feet. 

Therefore, heat ^o be Amoved per square foot per hour* 

671,600 r U TT 

= = 400 C.H.U. 

1.67.5 ^ 

This is for a 50 lb.,charge, approximately equ CU LU CL ^UWAJ. *7 fL 
60-II5? For a sulphur charge x; the work thrown on the cooler would • 
hp (400 X ») 

50. ■ 

141710 
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Making 94 per cent. acid .—On a 50 lb. chargt the amount of 98 per 
cent, to be bioken down would be 2,050 lb.- , ^ 

100 lb. of 98 per cent, add plus 4 lb. H^O giving 104 lb. of 94 per 
cent. H2SO4 evolve i.'joo C.H.U. (from graph). 

Therefore, 2,050 lb .oi 98 per cent, will generate -ii 222 ,C.H.U. 

, In the mixing'tank there are eight cooling coils, 136, feet long, 

li inches diameter,,, so that surface area = 136 feet x 8 ,x x« 
'• , 2^ 

— 147 square feet. 

, The cooler will therefore have to remove— 

—= 82 C.H.U. per sqij^.are feet per hour on 50 lb. 
100 X 427 ‘ charges. 

Oleum unit.—In the oleum unit, the first pair of towers make 
oleuifi (105 per cent.) and over the four back towers 98 per cent, is 
circulated, becoming 99 per cent, in so doing. Water is added to the 
99-98 per cent, cooler to break down the 99 per cent, acid 10 98 per 
cent. The absorption system is shown diagrammaticallj below:— 

98- 99Cooierr8 00/t)^hii) 

■«— Mter added 


mm 

Mm 


/ mATanks 



lO ___I.. .,..J 

Fir,. 34. 

Quantities of acid and SOg involved .—Assuming a 50 lb. sulphur 
charge, the SO., absorbed per hour will be 1,630 lb. 

100 lb. 105 per cent, acid = 85*7 Ib. SOj, + i'4'3 Ib. water. 

.•. amount of water to be added per hour = — — 2^2 lb 

iqe lb. 99 per cent, acid = 8o-8 lb. SO3 + 19'2 lb. H^G. < 
.Therefore, amount of SO3 absorbed in bac^ four towers 

i. 

leaving 1,630 — 1,144/= 4^0 for the oleum towers. 
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The aipount of 99 per c«nt. acid moving forward to front pair of 
towefs will tve 1,144 + 272 = 1)416 lb. • , 

Heat contributing factors in the oleum towers. —"fhe heat developed 
will depend on :— * *, t , 

(i) Condensation of gaseous to liquid SO3. ^ 

1 ^) Solution of liquid SO3 to give oleum. ’, 

(3) Heat given up by gases passing through the towers. 
This jvill be very small. At Queen’s Ferry the fall in temperature 

’ of the .gases i^s only about 2° C., so that this heat effect can be 
^ignored. * 

Factors (i) and (2) are c’^culated below. 

(1) SO3 gas = SO3 liquid + 9,560 C.H.U. 

486 lb. SO3 ^ ^ 

(2) This niay be taken as three operations— 

(а) Resolution of 1,416 lb. 99 per cent, acid into water and 
monohydrate. The heat effect will be negative and equal in 
quantity to when water is added to monohydrate to give 99 per 
cent. acid. 

From the graph this works out at 7,000 C.H.U. 

(б) Solution of liquid SO3 in the resolved water to give 
H3SO4. 

HjO 4 - SO3 (liquid) = 21,320. 

1,416 lb. 99 per cent, acid contains 14 lb. H^O. 


heat effect = ^ ^ 21,320 = 16,400 C.H.U. 

$ 

§ 2 .=: 62 lb. SO3 hydrated by 99 per cent. acid. 

(c) Solution of SO3 in HjSOi to give 105 per cent, oleum. 

SO3 to be absorbed = 486 — 62 = 424 lb. 

I lb. SO3 absorbed in H2SO4 to give oleum gives 21 C.H.U. 
.• 424 lb. SO, absorbed in HgSOi to give oleum gives 
8,900 C.H.U. 

The sum of — {a) + {b) + (c) = 18,300 C.H.U. ^ 

The total heat evolved in the oleum absorption towers is therefore 


* ^ ^^6,400 C.H.U. 

Dissipation of heaf evolved in oleum absorption towers.—This heat 
ft dissipated by:— 

*. (i)' Oleum leaving the system, 

te) radiation losses. , 

• ** (3) the acid codler. * - ^ 

• The first two factors are small, accounting for about 5 per cent, 
of the heat;* so that approximq,tely 72,000 will have fo be removed by 

the cooler. 
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. Work thK>vm on coo/cf.—Assumifig the cooler to be 512 feet long, 
as at Queen’s Ferry (= 800 scyaare feet), tjie work will be :— ^ ^ 

72,000 ' * . 

~8oo ~ C.H.U. per square feet per hour on 50 lb. charges. 

Heat-contributmg factors In the 99-98 per cent, system.—The heat de¬ 
veloped here will depend on— 

(1) The water added to the cooler to break down the 99 per 
c€?nt. acid to 98 per cent. 

(2) The condensation of gaseous to liquid SO3. , ‘ 

■ The solution of liquid SO3 in 98 per cent, acid to give 

99 per cdht. . ,, ‘ 

(4) The heat given up by the 1; gases passing through the 
absorption towers. 

(i) The amount of SO3 absorbed = 1,144^lb. 

98 per cent, acid = 80 SO3 j- 20 HgO. 

99 per cent, acid =80-82 SO3 4-19-18 HjO; or 


80-82 X 20 


84-25 SO3 4 - 20 H3O. 


19-18 

.•.to 100 lb. 98 per cent, acid must be added 
84-25 — 80 = 4-25 SO3 
in order to form 104-25 lb. 99 per cent, acid. 


104-25 X 1,144 

4-25" 


= 28,000 lb. 99 per cent, acid will be formed. 


The heat evolved on breaking down 99 per cent, to 98 per cent, is 
500 C-H.U. for 100 lb. 99 per cent, acid (from the graph), or 505 C.H.U. 
for 100 lb. H2SO4 as 99 per cent. 

, 28,000x500 

• = 140,000 C.H.U. 


100 


(2) , SOj (gas) = SO3 (liquid) 4- 9,560 C.H.U. 

9,560 X 1,144 = 136,700 C.H.U. for 1,144 lb. SO, 

(3) This may be taken as three operations 

, [a) Resolving 98 per cent. HgSOj into 99 per cent and water 

(6) Dissolving the SO3 in the resolved water to give H2SO4. 

(c) Breaking down the H2SO4 to 99 per cent, sulphuric acid, 
(a) This is negative and = — 505 C.H.U. for each 100 lb. H2SO4 as 
98 per cent, acid, i.e .— 

' 28,000 ~ 1,144 = 26,856 lb. 9?i pfir cent. acid. 

^ = 26,300 lb. 100 per cent. HjSOj. 

' 26,300 X — 505 = — 133,000 C.H.U. 

. I'b) HgO 4- SO3 (liquid)'= 21,320 C.H.U. 

21320^^272 ^ ^ 

(c) Calculating ^om the graph this is 7,600 C.H.U. 

' 6 + c =■ 196,00b C.H.U, 
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* • 

( 4 ) Assuming fal in temperature of gases is 20® C., then the heat 
giv^ outj,will be the same aB in ^9-98 unit, viz., 

/ , 5^,700 C.H.U. 

The total heat generated in the system,will therefore be 
• 140,000 + 133,000 + 170,000 + 57,700 e= ^2^,700 C.H.U. • 

, Dissipation of heat generated in the system. —A* portion of this heg.t 
will be dissipated by radiation (say, 5 per cent.), leaving the remainder, 
500^300, t© be taken by the acid cooler. , * 

The gujface ar,ea of the cooler (as in 98 per cent, unit) 

= 1675 square feet, 
work thrown on coqler is 
500,300 • 

= 300 C.IJ.U. per square foot per hour per 50 Ib.charge. 

Comparisons between Queen’s Ferry and Avonmouth plants.—The heat effect 
i» the Queen’s Ferry absorption system, where, approximately, 90 percent. 
*acid is used as feed instead of water, has been previously calculated. 

The figures there were based on a 60 lb. charge, which is, 
approximately, equal to Avonmouth 50 lb. charge. The results of the 
comparison. Doth of the heat evolved and the work thrown on the 
coolers, are shown in graphical form on Figs. 35 and 36. 

' From these it will be seen that:— 

(1) The extra heat developed at Avonmouth due to water 
feed is counterbalanced by the extra length of cooler, so \hat in , 
the 98 per cent, (or 94 per cent.) unit, approximately, the same 
work is thrown on the cooler (400 C.H.U.). 

(2) In making oleum at Avonmouth a greater proportion of 
heat is developed in the 98 per cent, sys^m than at Queen’s 
Ferry. 

This and the heat due to water feed causes a diffei^nce in the work 
thrown on the coolers; giving 90 C.H.U. to the oleum and 300 C.H.U. 
to the 98 per cent, cooler. 


Plant for breaking down oleum or strong sulphuric acid 

BY MEANS OF WATER 

It is often neccssjary to dilute oleum or strong sulphuric acid with 

water. , « t 

Owing to the !firge amount of heat evolved and violence of the 
reaction, special precautions have to be taken to remove ,^he heat and 
pretent undue corrosion of the plant. , , 

The -[Ollowing arrangement is the result of many trials and v^orked 

well'.*-^ • ' . . • , 

Oleum is fed from the storage tank* into a feed j^ox^ lo inches x 
lA inches. X IS inches d'eeo. made of cast-iron >^4 divided diagonally 
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into two compartments by a cast-iron J inch plate, punched di^onally 
with inch -holes. This ensures a colistant quantity being fed into the 
plant; each hole corresponds,to a given .amount of oleum. ,*From*the 
feed box tfie oleurft is fed by a inch cast-iron pipe through a 
cast-iron sight box, as a .further aid to constant feed, and then by a 
inch cast-iron pipe'into the mixing pot (Fig. 37). • 

This was a cast,-iron pipe, 18 inches internal diameter, 4 feet long. 
It is blank flanged pt both ends and stands vertical. The top'blank was 
bored to^take the i-];nch inlet pipes for oleum and water, and also to 
allow a 5 inch cast-iron pipe, 8 feet long, to be erected as a- miniature 
fume main for the pot. Th(! bottom blank flange war> tappfed -to take a 
2\ Inch cast-jroq pijie as an outlet for the acid. The whole of the inside 
of the pot was lined with a thin layer of " obsidianite ” acid-proof brick, 
using volvic and asbestos powder (equal paAs) and silicate of soda and 
water (4 to 1) as a jointing material. Water is'fed to the mixing pot 
just in the same way as the oleum is fed, wfth the exception that the 
feed box in this case is of lead, but otherwise identical with that 
described abo\ e. 'I'lie outlet for the acid rises on leaving the bpttom pf 
the pot, so that the mixing pot is always kept half full of acid. The 
outlet pipe then descends and enters the cooler. At the point where' 
the outlet pijie ceases to ascend and commences to descend into a pooler, 
a I inch cast-iron pipe, 2 feet high, is tapped into the pipe to act as a 
" vent-pipe ” to avoid air blocks. Both the water and oleum feeds to 
the mixing ])ot linisli underneath the constant level of the acid in the. 
pot. These feeds leave the sight boxes as i| inch cast-iron pipes, but 
change, on entering the mixing pot, to earthenware. Thus, by using 
• earthenware pipes and acid-proof lining, corrosion is reduced to a 
minimum. 


The coolers (Figs. 38, 39, 40) . '" 

The coolers consist essentially of 48, 9 foot lengths of 6 inch 
cast-iron tubing, arranged in four columns, each column containing six 
18 loot (two 9 fot)t lengths-) lengths one above the other. The cooler is 
thus 432 feet long apart from the bends. It is arranged in two halyes 
joined by a 2 1 inch cast-iron pipe fitted with a T piece and valve, so 
that if at any time one of the lengths require renewal, a hand pump can 
be attached to the valve and the cooler drained of acid. The acid flows 
down one half through the 2| inch connecting pipe and up the other 
half, finally being discharged through a 2I inch outlet pipe into a stock 
' tank. This discharge pipe is higher than the cooler, in order to keep 
the latter continually full of acid to prevent corrosion. The stock tank 
is a circular 'mild steel reservoir as used in the -Magnheim plant. From 
this tank a inch centrifugal pumr lifts the product, 94 per cent, acid, 
to the storagt tank. ^ ' 

The water is sprayed on. to the top of the four columns, of piping. 
Thus; in the first half, we have the hottest* acid meeting tbe coolest 
* water, llnscientifil; as this iqay seem, ‘it could hot be avoided owmg to 
the difficulty of head required to keep the copier full and still keep the 

flow sufficient to meeV'demands. In the second half of the -cooler the 
•» * 
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BREAKING DOWN “ OLEUM 
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• • 

so uiai'w^jm acid meets warm water and cooling efficiency 
Ch hieller standard > . ° 


Vu ^ standard. 

wnple of the piping is of standard lengths, which makes the 
qfWihon of renewals an easy one to face. ^ 

wate^dSKtion^"^^ vertically’bet,ween the pipes to aid 

The p^^t stands on a base of acid-proof brick with sulphur 
join mgs. This floor is edged on three sides with two courses of aad- 
proof bnck, and has a lo inch fall to the drain which flows, along the 
fourth side. ° 


plant wifll break down sufficient oleum to provide feed acid for 
all ioi;r units on a 90 lb. .charge. , • 

The plmt was designed upon the following calculations :—Burning 
90 lb. sulphur per Burner per hour and assuming a 90 per cent, 
conversion, the feed acijl of 94 per cent, required tf) absorb the SO, 
produced per unit of 12 burners per hour is 1-79 ton^. For fouf Grillo 
units this will be 7*16 tons per hour, llie lieat rise when oleum is mixed 
with water to give 94 per cent, acid is taken as 150'^ C. A 6 inch cast- 
iron pipe of the type in use when water cooled will giv'c up to the water 
1.000 C.H.U. pel square foot per hour. C alculations are made to give 
the resulting acid at 25“^ C. A 6 inch iron pipe has a circumference of 

19 inches, i.e. ~ feet. 

’ TO 


C.H.U. per hour produced sp. heat of 94 per cent, acid x lb. 
94 per cent, acid x temperature differential 

= -37 X (7-16 X 2240) X (150 - 25) 742000. 


Number square feet cooling surface required =; 


Number of feet run of pipe required = -'^7 ^ 7 • 2240 2<_i25_X_w 

1000 X 19 

= 468 feet. 


Heat evolved in breaking down oleum 
We have to consider— 

(i) Heat absorbed in resolution of 20 per cent, oleum into H^SO* 
and SO3. , 

H2SO4 + SO3 per cent, oleum + 2,700 C.H.¥. 

98 + 8d^b. 178 lb. ^ 

* ^ (2)* He^t evolved in conversion of free SO3 to ^2804. * 

^Og -f H2O = H2SO4 + 21,300 G.H.U. 

•, 80 + 18 ^93 lb. . ^ 

(3) Heat evolved in. dilution of HjSO^ (100 per cant.) to sulphuric 
acid 94 per cent. 
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(1) This factor-is small compared rnth («) and (3). 

20 per cent, oleum = 98 lb. H2SO4.+ 24-5 lb. SO3 

45 p'er cent, bleum = 98 lb. H2SO4 + 80 lb. SO3 2,700 C.H.U.. 

. .-. a: may ^oe taken as approx. —= 830 C.H.U. 

' . . (This value is negative.) 

(2) IQO lb. 20 per cent, oleum — 80 lb. H2SO4 + 20 lb. SO3. 

100 lb. oleum + 4-5 HjO = i04’5 lb. H2SO4 + 5 > 33 Q t.H.U.*' 

4:5 ^ 533„) 

.-. formation of 98 lb. monohydrate gives 
98 _X _5330 ^ 

104-5 ^ 


(3) (H2SO4, n H2O) - ^1^7983 dilution of H2SO4 = H/'lieat of ^ 
dilution. 

98 lb. H2SO4 + 6-2 lb. HgO = 104-2 lb. 94 per cent, add + H. 

6-2 

From equation, ^ ^ — 0-344. 


0-344 X 17860 

Then heat of dilution — ^ ^ 

H = 2,870 C.H.U. 

Combining (i), (2) and (3) we get (to produce 104-2 lb. 94 pel cent. • 
acid from 20 per c(*it. oleum and water) : 

122-5 11 ^- oleum split into H2S()4 and SO3 — 830 C.H.U. 

93-78 lb. okiim split into H2SO4 and SO^ 635 C.H.U. 

but 93 • 78 oleum yield 98 lb. monohydrate. 

.-. In formation of 98 lb. monohydrate from 20 per cent, oleum heat 
evolved = 5,000 — 635 = 4 , 3^5 C.H.U. 

Heat evolved in diluting 98 lb. monohydrate to 104-2 lb. 

•94 per cent, acid =‘2,870 C.H.U. 

• Total heat evolved in formation of 104-2 lb. 94 per cent. = 4,365 

-I- 2870 = 7235 or =69-4 C^.U. per lb. 0^94 per cent, acid ,, 
formed.- 












OU-rLtr or toOuc« 









tit 


^ > AlfBNDlX I 

fgraph have been found useful in 
ascertammg the heats of dilution of different strengths of sulphuric acid. 

The observed values of the heat of dilution of sulphurk acid agret 
fairly' weU with the equation proposed by Julius Tnomsen ^ 

(i) • * H' = ^ 

. , . ^ 1-798 

in which H is the number of gram calories evolved wh^'n x grain 
mokculeS of water are added to one gram molecule of pure sulphuric 

^or practical purposes it is more comenient to transform the above 
into an equation giving the Heat H", which is evoh ed when y gram of 
water are added to loc grams of H,SO,. From equation (i) H' is the 
^ adjjition of 18 a' grams of water to 98 grams of 

H2SU4. 

Hence H' = H' and y y i8 

98 gH A 16 A 

• 98 y. 

or X — o' 

1800 


The equation for H" is therefore- 


H" = 


100 

98 


X 


178(10 X 98 y 
1800 


98 y 


(2) 


or 


1800 
calories. 


+ 1-798 


H" _ i786oooy 
~ 98y + 3236 

, A more general case is that in which grams of water are added to 
100 grams of an acid consisting of .v grams of wat^r to (loo — x) grams 
of H2SO4. The heat evolved in this reaction is clearly the difference 
between the heats evolved when* {x 1 z) grams and a grams respectively 
are added to (loo - x) grams of H^SC),. ‘ 

• In order to apply equation (2), which may conveniently be written 
in the form : 

ay 


H" = 


ty + c 

it must be noticed that w'e start with an acid of the composition of 
grams of water to 100 grams of HjSO,, and finish with acid o! 


100 X 
(100 — x) 


the composition of ^0 *^o"^ V) water to 100 grams of H2SO4. 

Ifence ^f wf were dealing with 100 grams of H2SO4, the heat of dilution 


would be 


• • 


lOCX ^ + z)^ 
(100 * 
1006 (a> + -?) +C 
(too — «) 


100 ax 
(icy) - x) 
loobx + c 
(100 — *) * 
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In reality, however, we are dealir^g with only (loo - x) grams of 
H0SO4, so that the actual heat uf dilution, li is given by the equation— 
• I r xooa {x + z) 

(100 - x) 3, (100 — x) 

ibo ' ‘j 100b {x -\-z) -{■ c 
• 


H 


or 


H 


(100 — x) (100 
1000^ (100 — xY 


100 ax > 
(100 — x) I 
loobx -|- c C 


{loobx + c (lOft - x) (loobx c (100 — a;) + lo^bz) , 

^Putting in the values of a, h and c respectively as 'given in 
equation (2) and-simplifying we have finally 

10002 (100 ■ x)^ 


(3) 


H 


181-2) 


or H = 


(2-029A: I- 100) (3-676x + 5-4872 

% 

10002 (100 - x)~ 

Q (2-0292; -|- 100) 

where Q = (3-6762: + 5-4872 + 181-2). 

If the reacting quantities are given in grams, H will be expressed in 
gram calories, whilst if the reacting quantities are in lb.,,H will'be in 
Ib.-centigrade units (C.H.U.). 

Construction of graphs for solving the general equation for H. —The most 
convenient type of graph for solving this equation is the " alignment 
chart.”. Two graphs will be necessary :— 

Fig. 41 for solving the equation ; 

Q = (3-6762; + 5-4872 + 181-2) 

and second. Fig. 42, with logarithmic scales, for solving the equation 

1000 2 f{x) 

(100 — x)^ 


H = 


in which 


/w = 


(2-0292; +100). 


In Fig. 41 the same unit of length, say, a millimetre, may be used 
on both the x and 2 axes. The Q axis will, therefore, be midway between 
the x and 2 axes, anfl the unit of length will be half the unit on x or 2. 

On the X axis, plot x as 3-6762:, and on the 2 axis, plot 2 as 5-4872. On 

the Q axis, plot as (Q — 181-2). ^ ‘ 

In Fig. 42 the scales are logarithmic. On tho^^2: axis x is plotted 

as log /(a;). On the several axes th/unit of the length chosen, ray the ' 
millimetre, has the following value in terms of the logarithm*: 

On the 2; axis 0-093, 

on the ^ axis * ' 0-002* 
on the z axis 0-006 * 

On the H axis o-pii. 
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'r * 

The distance bf the support Cd from ttje Q and z axes, 
respectively, must therefore be as 3 to r. and the distance of the H axis? 
from the. CD, and the x axtes, respectively, mus^ be as 3 to 8. The 
actu^ position of the unit point (zero of the logarithm) on the Q, 2 or 
X axis i& immaterial. The position of 'the uDib.pc^nt on the H axis is 
found graphically by solving special examples', the position of th6 scale 

TT 1_- 3 • _ < 1 I •.1,1 • i 3 <• 31 • 


of H beipg. adjusted to agree with the points so 

found. The foJlowjng 

examples may 

X 

be used:— 

z 

Q 

• 

H 

log H - 3' 

10 

10 

272-9 

2467 

- 39'?2 

20 

20 

364-4 

2502 

-3983 

30 


456-1 

2003 

-3017 

10 

20 

327-7 

4110 

■6138 


» 

A transparent straight-edge of glass or celluloid or a stretched 
thread may be used for reading the graphs. 
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Humidity of air, and allied data 

Par&al pressures of water vapour and air. 

Weight of water per unit volume of air at various temperatures a,nd degrels 

of humidity. 


Weight of water required to saturate unit volume of air at various 
tempertures and initial degrees of humidity. 

Weight of water per unit weigfk of air. 

Heat absorbed by evaporation of water. 


Section I. 

Partial pressures of water vapour and air and weight of water 
per unit volume of air. 


Table I. 


Partial pressure in atmospheres of water vapour in air at various degrees 
of humidity or percentages of saturation at various temperatures, the total 

pressure being i atm. 


Temp. 

'C. 


0 

5“ 

10 ° 

15° 

20 ° 

25 ° 

30 °, 

35 ° 

40 ° 

45 °' 

50 ° 


Degree of Humidity or Percentage of Saturation. 


10 % 

20 % 

30 % 

40 % 

50% 

1 

' 0 

i 

70% 

80% 

90% 

100 % 

•001 

•poi 

* i )02 

•002 

• 003 

•004 

•004 

•005 

•005 

•0061 

■001 

•002 

•003 

•004 

•005 

•005 

•006 

•007 

•008 

•0085 

•001 

•002 

•004 

•005 

•006 

•007 

•088 

•010 

•on 

•0121 

• 002 

•003 

•005 

•007 

•009 

•Olf 

,•012 

•014 

•015 

•0168 

•002 

•005 

•007 

•ooq 

i 012 

•014 

•oiff* 

•018 

•021 

•0230 

.:oo3 

•qd6 

*009 

•012 

#•016 

•019 

•022 

•025 

•028, 

•03V 

•004 

•008 

•013 

•017 

•021 

•025 

•029 

•034 

*038 

•orfi7 

•006 

•on 

•017 

••022 

•028 

•033 

•039 

•044 

•osp 

•0553 

•007 

•015 

•022 

•029 

•037 

•044. 

4051 

•058 

•0?>b 

•'J725 

•009 

•019 

•028 

•038 

■• 4 ? 

•056 

*o66 

•075 

■085 

• 4)944 

•012, 

• 

•024 

•036 

••048 

•061 

•073 

■085 

•097 

•109 

•1214 
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^ . Table II. 

Partial presswes in atmospht^res of the net dry air ^n moist ,<»> of various 
degrees of humidity or percentages of saturation at various temperatures, 
the total pressure being i afm. , 

.■ Degree of Humidity or Percentage of Saturation. , 


°c. 

10 % 

. 

20% 

30 % 

40 % 

50 % 

'60 % 

70% 

80 % 

90 

.■■■1 > 

100 % 

•o" 

-999 

-999 

-998 

•998 

-997 

-996 

-996 

-995 

-995 

•994 

5 ° 

•999 

-998 

-997 

-996 

-995 

-995 

-994 

-993 

-992 

-991 

10° 

-999 

-998 

-996 

-995 

-994 

-993 

-992 

■990 

-989 

-988 

15“ 

-998 

-997 

<-995 

-993 

-991 

-990 

•988 

-986 

-985 

-983 

20° 

-998 

-995 

-993 

-991 

-988 

-986 

-984 

-982 

-979 

-977 


-997 

-994 

-991 

-988 

-984 

-981 

-978 

-975 

-972 

-969 

30“ 

-996 

-992 

-987 

-983 

-979 

-975 

-971 

-966 

-962 

-958 

35 '’ 

-994 

-989 

-983 

-978 

-972 

-967 

-961 

-9.56 

-950 

-946 

40° 

-993 

-985 

-978 

-971 

• 9 f )3 

•956 

-949 

•942 

-934 

.927 

45 ° 

-991 

-981 

-972 

•962 

-953 

-944 

-934 

-925 

-915 

-906 

►50° 

-988 

-976 

-964 

-952 

-939 

-927 

-915 

-903 

-891 

-879 


Table III. 


Pounds of water contained in i,ooo cubic feet of moist air at various 
degrees of humidity or percentages of saturation at various temperatures. 

. The values are obtained from the equation— 

, 359 X (273 + i ) 

W being the weight required; p the partial pressu;re of the water vapour 
in atmosphere; 18-03 f^he molecular weight of water and 359 the lb. 
molecular volume of a gas at»n.t.p. in cubic feet. (The values of W 
do not vary sei^l^jm^ttie total pressure of the air)*_ 

Degree of Humidity or Percentage of Saturation. 

Temp. __ __;_ 

0 ^ ■> 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


o*o6i 0*091 
0*084 

^•176 
o-i 6 o 0-240 
o-2i6 0-323 
0-287 0-430 
0-377 0-566 
0-JJJ3 '0-739 
0-636 0-953 
0-815 1-222 


0-304 

0-419 

0-586 

0-800 

1-078 

1- if36 
1-888 ■ 

2- 463# 

3- 178 

4- 074 

5 - 155 
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Table IV.- . 

• * ’ 

Pounds of water required to saturate i,ooo cwWc feet of air of given initial 
humidity or percentage of saturation at a given constant temperdture, the 
total^prassure'heing kept at i atm. • ^ 


• 

Vcmp. 

0 f * 

0 C. , 

0 % 

Initial Dc'grco of Humidity or Percentage of Saturation, 

• 


10 % 

20 % 

30 -^0 

i .0 ' 

40 /,, 

50 

1 

1 60 ■?' 

1 ! 

70 % 

80 %• 

t ! 

90 % • 

» 

• 

0“ 

1 o- 3 o 6 

1 

0-276 

0-244 

0-214 

1 

O’ 183 

0-152 

•0-122 

0-091 j 

0-061 

« 

ceo3o 

5“ 

0-423 

0-380 

0-337 

0-295 

0-252 

0-210 

0-168 

0-126 

0-084 

0-042 

10° 

0-504 

0-533 

0-474 

0-414 

0-.554 

0-295 

0-235 

0-177 

0-1:7 

0-058 

15° 

o-«i4 

0-731 

0-650 

0-567 

0-485 

(>‘404 

41-322 

0-241 

0-161 

0-080 

ao". 

o-ioa 

o-qgr 

0-878 

0 - 767 

0-656 

0-545 

0-436 

0-326 

0-217 

0-108 

25“ 

1 -48] 

I-.{.50 

1-178 

1-028 

0-879 

0-729 

0-582 

0-436 

0-289 

0-145 

30° 

i'970 

1-768 

I-.564 

1-363 

1-162 

o-()65 

0-769 

0-575 

0-381 

o-i8q 

3.5“ 

2-(k)3 

2-328 

2-060 

1-791 

1-528 

1-266 

I-tK )7 

0-750 

0-579 

'0-249 

4 <'° 

3-42O 

3-064 

2-702 

2-346 

1-997 

1-650 

1-311 

0 - 97 . 5 * 

0-648 

0-320 

45 ° 

4-405 

4-010 

3-528 

3-058 

2-596 

2-140 

1-698 

1-262 

0-831 

0-413 

50° 

5-860 

5 - 210 

4-580 

3-965 

3 -.346 

2754 

i 

2-172 

I'608 

1 

1-062 

• 

0-^17 


The figures in Table IV. are obtained as follows. The values for 
the amount of water required to saturate i.ooo cubic feet of unsaturated 
air of given initial humidity at a given constant temperature at constant 
volume lare found from Table III. by subtracting from the value 
corresponding to loo per cent, saturation at the given temperature, the 
amount corresponding to the given initial percentage of saturation at 
the same temperature. In practice, however, saturation will, as a ru^p, 
take place under the constant total pressure of i atm. instead of at 
constant volume. As'the amount of water in saturated air at a given 
temperature depends on the volume oijly, irrespective of the partial 
pressure of the air itself, a’correction must be applied to the above 
results to allow for the expansion accompanying saturation. The 
volumes before and after saturation at the given temperature, the total 
pressure remaining i atm., will be to each other in the inverse ratio of 
the‘corresponding partial pressures of the net dry air present. These 
partial pressures are given in Table II. To obtain the figures in 
Table IV. the differences obtained from Table III., as described above, 
are, therefore, multiplied by the initial partial pres.sure of the net dry 
air and divided by the partial pressure corresponding to saturation. 

Water required to saturate air when the 'tempafature rises .—This 
condition arise^, for axaraple, in thef cooling of water by evapcyatioa 
intg a current of air which is initially cooler than the water. ‘As before, 
it \^1 be assumed that the total pressure remains i atm. 

kit. ti be the initial iemperature of tha stir. % *' 

4 be the final temperature Isf the air. •• 

\V be the lbs. of ji/ater per 1,000 cubip ‘feet of original, air at 
l^teraperatureX. « • * _ ' 
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W be the lbs. 'of wat^r par i.ooo cubic foot jof saturated at 

• temperature 4. * ' 

p bei the^ partial pressure of the net dry air in the original air 

‘assumed to have been warmed from ii to out of contact 

•with water. ' *. • , 

!* be the partial pressure of the net dry air in air saturated a! U. 

• » " 

, Starting with 1,000 cubic feet of air at containing w lbs. of water^ 
suppose the temperature to be raised from to./2 out of contact with 
w^ter. The volume will now be: • 

• * 1000 X {273 ■+• f2)/(273 + fj) cubic feet 

or * # . 1000 Tg/Tj cubic feet; * 

if Tg and are tl^e corresponding absolute temperatures, and the 
amount of water in i,ooo^cubic feet at will be— 

Tj/Tg lb. 

explained above, to saturate i,ooo cubic feet of air at 
flsmper^ture 4 containing, initially, w Tj/Tg lbs. of water, we require— 

(W — w Tj/Jg) X pjV lb. of water. 

Hence to saturate 1,000 Tg/Ti cubic feet at 4 we require in all— 

(W — Ti/Tg) X 

This operation may be simplified by using the tables. Thus by 
inspection of, or, if necessary, interpolation from Table TII. we fifid that 
w Tj/Tg lb. of water in 1,000 cubic feet of moist air at 4 corresponds 
to some percentage of saturation h. By inspection of Table IV. we find 
at once the amount of water required to saturate 1,000 cubic feet of air 
of fhitial percentage of saturation h at 4. .This amount, which is: 

(W - Ti/Tg) X PIV 

in the above expression, when multiplied by^Tg/Tj gives the answer. 

^ Example. —Given 1,000 cubic feet of air measured at 10° C. and 
1 atm., the degree of humidity or percentage of saturation of which at 
“10° is 70 per cent., how much water will be required to saturate this 4ir 
at 45° C. and a total pressure of i atm., allowing for the increase of 
volume due to rise of temperature and evaporation of the water ? 

By inspection of Table III. we see that i,ocf> cubic feet of air. 
70 per cent, saturated at 10° C. contain 0-410 lbs. of water. If this air 
be heaied to 45“ C. x)ut of contact with water, the volume will be 
increased to— ,, » •* 

1000 X 318/283 = i|i24 cubic feet;, 
an 9 ,the*quaiitity of water per 1,000 cubic feet will be— 

» ' .. 0-410 X 283/318 = o-365*lb. 

From Table III. if is seen tlfat at 45° C. 0-36*5 lb. of water per 
1,000 cubic feet corresponds with about 9 per cent, safuration; and by 
interoolation from Table IV. that tn saturate- t fiho/cubir feet »f air of 
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9 per cent, initial percentage of saturation at 45°, t!he water required is ^ 
»4'058 lb. Hence, fo saturate the whole of'the air, of which tj;>e initial 
volume at 45° in 1,124 cubic feet we requiie in all;— 

4'056 X 318/283 =4-56 lb. of water. 

An inspection ni »q>i'b]e III. shows that the amount 'of ,watel 
evaporated will be small if the initial temperature of the air is above 
thnt of the water, even if the initial humidity of the air is as low as 
'0 per cent. ' < * 

.Section II. 

Weight of u'atcr for unit weight of air. —For tables giving Ib.,of water 
required to saturate* i,ooo lb. of dry and moist air (or grams of \\{ater 
per kilogram of air) at various temperatures find pressure; also tapour 
pressure, density and siiecilic volume of saturated water vapour see— ' 

Landolt and Hoernstein’s Tabellen, p^ges 368 and 369. 

' Kent’s Mechanical Engineers’ Poe^ket Book, 9th Ed., pages 577 
and Oio to 613. 

For tables giving quantities of air at various temperatures and 
humidities required for a cooling tower, see :— . , 

Kent’s Pocket Book, pages 1080 and 1081. 

The following table may be useful: 


Table V. 

Lb. of water required to saturate 1,000 lb. of dry air at 1 atm. total 
■■ pressure and various temperatures. 


Temp. C. 

- f )'’ 


I 5 “ 10“ 

15" 

20° 

^5° 

Lb. of water - 

■ 1 2-0 

3 -« 

5-5 : 77 

10.7 

14-8 

20-5 


.l.„ .J 


_ _ 



_ 


30° 

28-1 

t 


Section Jll. 

Heal absorbed by evaporation of water. 

Table VI. 

Latent heat of evaporation of water from Smith’s formula — 


L = 5(97*2 - 0-580/ C.H.U. per lb. 


PC. 

0" 

5 " ] 

1 J 

i 

15" 

20" 

^5° 

1 1 

30" 35“ 1 

40“ 

45° 

50" 

L 

597 

f 

594 

591 

i 

588 

■ i 

5«5 


.580 1^577 

574 


568 


or 

or 


Specific heat of air. ^ ‘ ' 

, 0-237 C.Pi.U. per lb. per 1° C. 

0-237 X o-o8q7 X 1,000 — 19-13 .C.H.U. V>er 1,000 cubic feet at^ 
0° C. and I atm. per C., , 

19-13 X 2^^273 /) per 1,000 cubic feet'at f and i atm. per i'’ C. *' 

-.J- 















































































































































































































































































































































































































